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“ Hut  tlie  greatest  error  of  all  Is,  mistaking  the  ultimate  end 
of  knowledge ; for  some  men  covet  knowledge  out  of  a natural 
curiosity  and  inquisitive  temper;  some  to  entertain  the  mind 
with  variety  and  delight;  some  for  ornament  and  reputation; 
some  for  victory  and  contention ; many  for  lucre  and  a liveli- 
hood ; and  but  few  for  employing  the  Bivine  gift  of  reason  to 
the  use  and  beiiollt  of  mankind.” — Loud  Bacon. 


“ 1 hold  that  the  greatest  friend  to  man  is  labour;  that  know- 
ledge without  toil,  if  iwssible,  were  worthless ; that  toil  in  pursuit 
of  knowledge  is  the  best  knowledge  we  can  attain ; that  the 
continuous  effort  for  fame  is  nobler  than  fame  itself;  that  it 
is  not  wealth  suddenly  acquired  which  is  deserving  of  homage, 
but  the  virtues  which  a man  exercises  in  the  slow  pursuit  of 
wealth;  the  abilities  so  called  forth,  the  self-denials  .so  imposed; 
in  a word,  that  Labour  and  Patience  are  the  true  schoolmasters 
on  earth.”— Loud  Lytton. 


" I want  to  learn  all  that  one  human  being  can.  It  is  awful 
to  be  buried  alive  in  the  colltn  of  one’s  own  ignorance  and  help- 
lessness.”—Graham  Tn  AVERS. 


NOTE  BY  THE  AUTHOR 


The  advance  of  years  has  obliged  the  Author,  for  the  first 
time,  to  seek  the  collaboration  of  an  Editor,  and  in  Dr 
Leonard  Dobbin  he  has  had  the  good  fortune  to  find  a 
colleague  whose  knowledge  of  the  science  of  chemistry  and 
its  general  applications  to  medicine  and  pharmacy,  and 
whose  enthusiasm  were  commensurate  with  the  labour 
involved.  Occasional  personal  consultations,  much  corres- 
pondence, and  the  critical  reading,  by  each,  of  every  page 
of  the  “proofs”  and  “revises”  of  the  text,  have  brought 
Author  and  Editor  into  entire  agreement.  The  outcome 
must  be  left  to  the  judgment  of  those  for  whom  the  edition 
has  been  prepared. 


NOTE  RV  THE  EDITOR 

In  undertaking  the  task  of  editing  the  Eighteenth  Edition 
of  this  Manual  it  was  necessary  to  act  on  certain  broad 
principles.  'I’he  most  important  of  these  were  the  following  : 
1.  lo  preserve  as  far  as  possible  those  distinguishing  features 
which  have  proved  to  be  acceptable  to  those  who  use  the 
book,  as  evidenced  by  the  popularity  it  has  enjoyed  for  a 
period  of  thirty-six  years.  2.  To  bring  the  Manual  into 
accord  with  the  progress  of  chemical  science  since  the 
previous  edition  was  published.  3.  To  bear  in  mind  the 
special  needs  of  the  constituency  for  whose  ins-truction  and 
reference  the  book  is  intended. 

The  Editor  desires  to  exjjress  his  best  thanks  to  Dr  11. 
Moore  of  Liverpool  University,  who  kindly  undertook  the 
revision  of  the  sections  on  certain  proximate  constituents  of 
animal  organisms  and  on  the  examination  of  urine  and 
calculi;  also  to  Dr  Alex.  1).  White  for  constant  assistance, 
and  to  Mr  James  Kerr,  B.Sc.,  for  occasional  assistance  in 
proof-reading  and  revision. 
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PEEFACE 

Adapted  from  the  Prefaces  of  Previous  Editions 

The  short  title  on  the  back  of  a book,  and  even  the  words 
on  the  title-page,  are  generally,  and  even  necessarily, 
imperfect  descriptions  of  the  contents,  and  hence  not  infre- 
quently induce  at  the  outset  misconceptions  in  the  minds  of 
readers.  The  author  of  “ Chemistry : General,  Medical, 
and  Pharmaceutical  ” would  at  once  state,  therefore,  that  his 
chief  aim  has  always  been  to  teach  the  science  of  chemistry 
to  medical  and  pharmaceutical  pupils.  So  far  as  laws  and 
principles  are  concerned,  the  book  is  a work  on  General 
Chemistry ; Imt  inasmuch  as  those  laws  and  principles  are 
elucidated  and  illustrated  by  that  large  portion  of  chemistry 
which  is  directly  interesting  to  medical  practitioners  and 
pharmacists,  the  book  may  be  said  to  be  a work  on  Medical 
Chemistry  and  on  Pharmaceutical  Chemistry.  Only  in  this 
conventional  sense  would  the  Author  speak  of  Medical  and 
Pharmaceutical  Chemistry ; for  the  truths  of  chemistry  are 
the  same  for  all  students — crystalline  verities  which  cannot 
be  expanded  or  compressed  to  suit  any  class  of  workers. 
The  leading  principles  of  the  science,  however,  can  as  easily 
be  illustrated  by  or  deduced  from  those  facts  which  have 
interest  as  from  those  which  have  little  or  no  special  interest 
for  the  followers  of  medicine  and  pharmacy.  The  grand  and 
simple  leading  truths  or  laws  of  chemistry,  the  lesser  truths  or 
I)rinciple.s,  and  nearly  all  tlie  interesting  relationships  of 
elements  and  compounds,  in  a word,  the  science  of  chemistry, 
can  be  taught  to  medical  and  pharmaceutical  students  with 

little  other  aid  than  that  afforded  by  the  materials  which  lie 
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in  rich  abundance  all  around  these  workers.  Such  a mode 
of  leaching  the  general  principles  of  the  science,  and  their 
applications  in  medicine  and  pharmacy,  is  adopted  in  this 
volume.  It  is  a mode  which  greatly  increases  the  usefulness 
of  the  science  to  the  students  chiefly  addressed,  while  it  in 
no  way  diminishes  the  value  of  chemistry  to  them  as  an 
instrument  of  mental  culture — an  instrument  which  sharpens 
and  exjiands  the  powers  of  observation,  which  enlarges  and 
strengthens  memory  and  imagination,  which  gives  point  to 
the  jjerceptive  faculties,  and  which  develops  and  elaborates 
tlie  j)owers  of  thought  and  of  reason. 

'I'liis  Manual  is  intended,  then,  as  a systematic  exponent 
of  the  science  of  chemistry,  but  is  written  mainly  for  the 
pupils,  assistant.s,  and  principals  engaged  in  medicine  and 
pharmacy.  It  is  a Manual  of  Aj>plied  Chemistry,  or  I'echni- 
cal  Cliemistry,  but  it  is  first  of  all  a Manual  of  Chemistry. 

The  book  will  be  found  c{jually  useful  as  a reading-book 
for  students  having  no  o])portunities  of  attending  lectures  or 
performing  experiments,  or,  on  the  other  hand,  as  a text- 
book for  college  pupils ; while  its  comprehensive  Index,  con- 
taining some  ten  thousand  references,  will  fit  the  work  for 
after-consultation  in  the  course  of  business  or  professional 
practice. 

From  most  other  chemical  text-books  it  differs  in  three 
particulars  : — first,  in  the  exclusion  of  matter  relating  to 
compounds  which  at  present  are  only  of  interest  to  the 
scientific  chemist  whose  aims  have  no  special  relation  to 
medicine  and  2)harmacy ; secondly,  in  containing  more  or 
less  of  the  chemistry  of  every  substance  recognised  officially, 
or  in  general  jjractice,  as  a remedial  agent ; thirdly,  in  the 
paragraphs  being  so  cast  that  the  volume  may  be  used  as  a 
guide  in  studying  the  science  exjierimentally. 

The  order  of  subjects  is  that  which,  in  the  Author’s 
ojnnion,  best  meets  the  requirements  of  medical  and  jihar- 
maceutical  students  in  Great  Britain,  Irehmd,  India,  the 
British  Colonies,  and  the  United  States  of  America.  Intro- 
ductory j)ages  are  devoted  to  a few  leading  properties  of  the 
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elements.  A review  of  the  facts  thus  unfolded  affords 
opportunity  for  stating  the  views  of  philosophers  respecting 
the  manner  in  which  these  elements  influence  each  other  as 
components  of  terrestrial  matter.  The  consideration  in 
detail  of  the  relations  of  the  elementary  and  comjiound 
radicals  follows,  synthetical  and  analytical  bearings  being 
pointed  out,  and  attention  frequently  directed  to  connecting 
or  underlying  truths  or  general  principles.  The  chemistry 
of  substances  met  with  in  vegetables  and  animals,  or  of 
similar  substances  artificially  produced  (the  so-called 
“organic  chemistry”),  is  next  considered.  Chemical  toxi- 
cology  and  the  chemical  as  well  as  microscopical  characters 
of  morbid  urine,  urinary  sediments,  and  calculi  are  then 
given.  The  concluding  sections  form  a laboratory-guide  to 
beginners  in  the  study  of  quantitative  analysis.  In  the 
Appendix  is  a table  of  the  saturating-powers  of  acids  and 
alkalies,  designed  for  use  in  prescribing  and  dispensing, 
and  an  alphabetical  list  of  elements  with  their  atomic 
weights. 

In  the  course  of  the  treatment  outlined  in  the  preceding 
paragraph,  it  will  be  observed  that  the  whole  of  the 
elements  are  first  noticed  very  shortly,  to  give  the  student  a 
general  view  of  his  course  of  study,  and  afterwards  at  length 
and  thoroughly ; that  the  chemistry  of  the  metallic  radicals 
precedes  that  of  the  acid  radicals  (a  term  applied  consistently 
throughout  the  Manual  to  designate  that  part  of  each  of  the 
acids  which  is  not  replaceable  hydrogen)  ; and  that  while  the 
metallic  radicals  are  arranged  according  to  their  analytical 
relation.s,  the  common  acid  radicals  are  arranged  accoi  ding 
to  exchangeable  value  or  quantivalence,  and  the  rarer  acid 
radicals  alphabetically.  By  this  plan  the  more  important 
tacts  and  principles  are  repeatedly  brought  under  considera- 
tion, the  points  of  view,  however,  differing  according  as 
interest  is  concentrated  on  physical,  synthetical,  analytical, 
or  quantitative  properties.  This  arrangement  of  matter  was 
adopted,  also,  partly  in  the  belief  that  the  separate  and 
general  truths  of  chemistry  never  do  or  can  enter  the  mind 
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in  the  order  of  any  scientific  classification  at  present  possible. 
Chemical  facts  are  not  yet  united  by  any  single,  consistent 
theory.  In  the  current  state  of  chemical  knowledge,  con- 
sistency in  the  methodical  arrangement  even  of  elements  can 
only  be  carried  out  in  one  direction,  and  is  necessarily 
accom]ianied  by  inconsistencies  in  other  directions — a result 
most  perplexing  to  learners,  and  hence  totally  subversive  of 
the  chief  advantage  of  classification.  For  this  reason  the 
writer  has  preferred  to  lead  up  to,  rather  than  follow, 
scientific  classification — has  allowed  analogies  and  affinities 
to  suggest,  rather  than  be  suggested  by,  classification. 
Among  the  acid  radicals,  especially,  any  known  system  of 
classification  would  have  given  undue  prominence  to  one  set 
of  relations,  and  undeserved  obscurity  to  others.  Then,  by 
separating  more  important  from  less  important  matter, 
instruction  is  adapted  to  the  wants  of  readers  whose  oppor- 
tunities of  studying  chemistry  vary  greatly,  and  are 
unavoidably  insufficient  to  enable  them  to  gain  a knowledge 
of  the  whole  area  of  the  science.  One  great  advantage  of 
tlie  mode  of  treatment  is,  that  difficulties  of  nomenclature, 
notation,  chemical  constitution,  and  even  those  arising  from 
conventionality  of  language,  are  explained  as  they  arise, 
instead  of  being  massed  under  the  head  of  “Introductory 
Chapters,”  “ Preliminary  Considerations,”  or  “ General 
Remarks,”  which  are  not  infi-equently  too  difficult  to  be 
understood  by  a beginner,  too  voluminous  to  be  remembered 
except  by  the  aid  of  subsequent  lessons,  and  are  conse- 
quently the  cause  of  much  trouble  and  confusion.  This  plan 
has  also  admitted  of  greater  prominence  being  given  to 
“The  General  Principles  of  Chemical  Philosophy,”  the 
only  section  to  which  the  student  is  asked  frequently  to 
return  until  he  finds  himself  naturally  employing  those 
principles  in  the  interpretation  of  the  phenomena  obtained 
,by  experiment. 

The  metric  system  of  weights  and  measures  (that  which, 
doubtless,  is  destined  to  supersede  all  others)  is  alone  used  in 
the  sections  on  quantitative  analysis.  In  other  parts  of  the 
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Manual  avoirdupois  weights  and  imperial  measures  are 
employed,  necessarily. 

It  is  hoped  that  the  numerous  etymological  references 
scattered  throughout  the  following  pages  will  be  found  use- 
ful. Words  in  Greek  continue  to  be  rendered,  by  special 
request,  in  English  characters,  letter  for  letter.  The  word 
“official”  is  used  throughout  for  things  recognised  officially 
by  the  compilers  of  Pharmacopceias. 

Students  are  strongly  recommended  to  test  their  progress 
by  frequent  examination.  To  this  end  appropriate  questions 
are  appended  to  each  subject. 

The  Author’s  ideal  of  a manual  of  chemistry  for  medical 
and  pharmaceutical  students  is,  then,  one  in  which  not  only 
the  science  of  chemistry  is  taught,  but  in  which  the  chemistry 
of  every  substance  having  interest  for  the  followers  of  medi- 
cine and  pharmacy  is  noticed  at  more  or  less  length  in  pro- 
portion to  its  importance,  and  at  least  its  position  in  relation 
to  the  leading  principles  of  chemistry  set  forth  with  all 
attainable  exactness.  The  extent  to  which  he  has  realised 
this  ideal  he  leaves  to  others  to  decide.  Such  a work  will 
doubtless  in  certain  parts  partake  of  the  character  of  a 
dictionary ; but  this  is  by  no  means  a fault,  especially  if  a 
good  index  be  appended ; for  the  points  of  contact  between 
pure  and  applied  chemistry  are  thus  multiplied,  and 
abundant  outlets  supplied,  by  which  a lover  of  the  science 
may  pass  into  other  chemical  domains  by  aid  of  other  guides, 
or  even  into  the  regions  of  original  research.  Among  the 
rarer  alkaloids,  bitter  bodies,  glucosides,  salts  of  organic 
radicaLs,  solid  fats,  fixed  oils,  volatile  oils,  resins,  oleo-resins, 
gum-resins,  balsams,  and  colouring-matters  mentioned  in  this 
volume,  will  be  found  many  such  points  whence  the  ardent 
student  may  start  for  the  well-known,  the  less-known,  or  the 
untrodden  paths  of  scientific  chemistry. 

Watfokd,  Hkuts, 

1st  Septemher  1903. 
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ADMCE  TO  STUDENTS  RESPECTING  THEIR 
ORJEC'T  IN  STUDYING 


Avoid  studying  chemistry,  or  indeed  any  subject,  merely  by 
way  of  “preparation  for  examination”;  all  ordinary  “ex- 
aminations” being,  admittedly,  inefficient  tests  of  com- 
petency. Do  not  so  mistake  the  means  for  the  end.  You 
are  studying  to  fit  yourself  for  your  position  in  the  world. 
Work  diligently,  study  thoughtfully  and  deliberately  ; above 
all,  be  thorough  ; otherwise  your  knowledge  will  be  inaccu- 
rate and  transient,  and  will  be  unaccompanied  by  that 
enlightenment  of  the  understanding,  that  mental  training, 
mental  discipline,  and  general  elevation  of  the  intellect 
which  constitute,  in  a word,  education.  When  you  are  thus 
educated,  you  will  with  ease  and  pleasure  pass  any  examina- 
tion in  the  knowdedge  you  have  thus  acquired. 

All  authorities  on  education,  whether  statesmen,  teachers, 
or  examiners,  regard  “ Examination,”  even  by  the  most 
highly  skilled  “ Board,”  with  ample  time  at  its  disposal  and 
a wide  area  from  which  to  select  questions,  as  but  a partial 
test  of  knowledge,  and  an  imperfect  test  of  education.  It  is 
the  least  unsatisfactory,  however,  that  has  been  devised,  and 
is  especially  useful  when,  following  instead  of  leading  educa- 
tion, it  is  restricted  to  the  subjects  of  a well-defined, 
earnestly  followed,  compulsory  public  curriculum  of  study — 
a curriculum  directed  by  a eompetent  representative  body, 
administered  by  properly  qualified  teachers,  and  followed  by 
pupils  who  have  had  sound  preliminary  training. 

Students!  in  all  honour  and  in  the  highest  self-interest, 
take  care  that  any  inefficiencies  inseparable  from  “examina- 
tion ” are  abundantly  compensated  by  the  extent  and  pre- 
cision of  your  knowledge,  and  by  the  soundness  and 
thoroughness  of  your  whole  education. 


APPAKATUS 


LIST  01'  APPARATUS  I’Oll  KXI'EIIIMEXTS  IX  AXALYSIS 


List  of  Apparatus  suitable  for  the  three  months’  course  of  practical 
(chemistry  in  the  summer  session  of  medical  schools,  or  for  any  similar 
series  of  lessons — including  the  preparation  of  elementaiy  gases, 
analytical  reactions  of  common  metallic  and  acid  radicals,  analysis 
of  single  salts,  chemical  toxicology,  and  the  examination  of  urine. 


urinary  sediments,  and  calculi : — 

One  dozen  test-tubes. 

Test-tube  stand. 

Te.st-tube  cleaning-brush. 

\ few  pieces  of  glass  tubing,  8 
to  16  in.  long,  with  a few 
inches  of  indiarubbcr  tubing 
to  fit. 

.Small  flask. 

Two  small  beakers. 

Two  small  funnels. 

Two  watch-glasses. 

Two  or  three  glass  rods. 
WfLsh-bottle. 

.Small  pestle  and  mortar. 

A 2-pint  earthenware  basin. 


A 2-inch  and  a 3-inch  evapo- 
rating basin. 

Two  porcelain  crucibles. 
Blowpipe. 

Crucible  tongs. 

Hound  file. 

Triangular  file. 

Small  retort-stand. 

Sand- tray. 

Wire  triangles. 

Platinum  wire  and  foil. 
Test-papers. 

Filter-paper. 

Towel. 

Two  dozen  corks. 


{This  sol,  “packed  in  a case,  can  he  uhlained  of  anp chemical-apparatus 
maker  for  12,‘(.  6d.  to  15.v.) 


LIST  Ol'  Al’l’AUAl'L'S  I'OU  EXPEUIMEN'l'S  IX  SYNTHESIS  AXl)  AXALYSIS 

A larger  set,  suibiblc  for  the  performance  of  most  of  the  syn- 
thetical as  well  as  the  qualitative  analytical  experiments  described 
in  this  Manual : — 

A set  of  evaporating-basins,  of 
the  following  sizes  : — 

One  each  8i-inch,  7j-inch,  6.^- 
inch,  1-inch  ; two  3-inch. 

One  retort-stand  with  clamp  and 
three  rings. 

Two  test-glasses. 

One  half-pint  flask. 

Half  a quire  of  filter-paper. 

Two  porcelain  crucibles. 

One  measure-glass,  5 oz. 

Blowpipe,  8-inch. 

Two  glass  funnels. 

One  doz.  test-tubes  (hard  glass). 

One  test-tube  brush. 

One  test-tube  stand. 

{This  set,  packed  in  a case,  can  he  obtained  of  any  chemical-apparatus 
maker  for  25s.  to  30s.) 

A sponge,  towels,  and  a note-book  may  be  included. 


I One  pair  of  8-inch  brass  crucible 
' tongs. 

Two  soup-plates. 

One  flat-plate. 

Two  spatula  knives, 
j One  pair  of  scissors. 

' One  round  file. 

One  triangular  file. 

Half  a pound  of  glass  rod. 

Half  a pound  of  glass  tubing. 

One  foot  of  small  indiarubbcr 
tubing. 

Three  doz.  corks  of  various  sizes. 

1 Platinum  wire  and  foil. 

I Test-papers. 

1 A nest  of  three  beakers. 
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LIST  01'  Fl'UXIl'URE  Ol'  A CIIEJIK'AL  LAUOllATOllV 

The  following  apparatus  should  be  ready  to  hand  for  students 
following  an  extended  course  of  practical  chemistry,  in  a room  set 
apart  for  the  purpose  : — 

A bench  or  table  and  stool. 

Water-supply  and  sink. 

A cupboard  attached  to  a chim- 
ney with  an  outward  draught. 

A furnace  fed  with  coke  ; tongs, 
hot-plate  or  sand-bath,  etc. 

A waste-box. 

Shelves  for  c'hemical  and  other 
materials  in  jars  or  bottles. 

Ga.s-supply  and  lamp  with  flex- 
ible tube  (or  a spirit-lamp  and 
spirit). 

Other  articles,  such  as  flasks,  retorts,  receivers,  condensers,  large 
evaporating-dishes,  may  be  obtained  as  wanted.  In  Quantitative 
Analysis  the  apparatus  described  in  the  sections  on  that  subject  will 
be  required. 


Iron  stand  or  cylinder  for  sup- 
porting large  dishes. 

Iron  adaptors  for  fitting  dishes 
to  cylinder. 

Pestle  and  mortar,  5 or  6 inches. 

One  6-inch  funnel. 

Twenty-eight  test-bottles,  6-oz. 

Also,  in  absence  of  water-supply 
and  sink,  brown  pan,  1 or  ‘2- 
gallon ; white  jug,  1-gallon ; 
water-bottle,  quart. 


LIS'r  or  I'Ll'Il)  UEAGEXTS 

Cerbiin  chemical  substances  are  used  so  frequently  in  analytical 
processes  that  it  is  desirable  to  have  small  quantities  placed  in 
bottles  in  front  of  the  operator  {see  page  8).  As  these  reagents  are 
generally  employed  in  a state  of  solution,  nearly  all  the  solid  salts 
may  at  once  be  dissolved  (in  distilled  water).  The  bottles  employed 
should  be  well  stoppered,  and  of  5 or  6 ounces  capacity.  Common 
glass  bottles  of  this  size  may  be  had  for  about  four  shillings  per 
dozen.  The  bottles  should  not  be  more  than  about  three-quarters 
full ; single  drops,  if  required,  can  then  be  poured  out  with  ease  and 
precision.  The  following  list  of  test-solutions  is  recommended ; 
directions  for  methods  of  preparing  the  sub.stances  not  readily 
purchasable  will  be  found  by  referring  to  the  Index  ; — 

Sulphuric  Acid,  cone,  and  dilute.  I Caustic  Potasli,  5 percent,  or  B.P. 
Nitric  Acid,  ,,  ,,  ,,  Soda,  5 to  15  per  cent. 

Hydrochloric  Acid,  ,,  ,,  Ammonia,  saturated  and  dilute. 

.‘Vcetic  Acid,  dilute.  Lime-water,  saturated. 

The  following  may  contain  about  10  per  cent,  of  dissolved  salt  : — 

Ammonium  Carbonate,  with  a i Ammonium  1 Iydrosulj)hide. 
little  solution  of  Ammonia  Barium  Chloride, 
added.  j Calcium  Chloride. 

Ammonium  Chloride.  Potassium  Chromate. 

Ammonium  Phosphate.  Sodium  Bitartrate. 


ERHA T A 


Page  373,  line  3 from  bottom, /o?-  “ one-half”  read  “ one-fourth.” 
,,  390,  lines  9 and  10  from  top,  for  “ myrobalanus  ” read 
“ inyrobalans.” 
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CHEMISTRY 

GENERAL,  MEDICAL,  AND  PHARMACEUTICAL 


INTRODUCTION  * 

Ma\  can  neither  create  matter  nor  destroy  matter,  but  he 

• can  permanently  alter  its  character.  All  that  is  burned  is 
’thus  altered,  and  nearly  all  that  is  eaten  and  digested  is 

• thus  altered.  Man  can  in  many  cases  bring  about,  or  in 
. a measure  control,  tliese  permanent  alterations  which  matter 
t is  capable  of  undergoing;  and  in  all  cases  he  can  investi- 
gate the  alterations  in  matter  which  are  ever  proceeding 
. around  him  in  animal,  vegetable,  and  mineral  nature.  The 
study  of  these  alterations  in  all  their  known  length,  and 
breadth,  and  depth,  is  the  study  of  natural  science,  of 
which  Chemistry — the  study  of  most  of  the  alterations — is 

'one  of  the  most  comprehensive  branches. 

The  infinite  varieties  of  solid,  licjuid,  and  gaseous  matter 
of  which  our  earth  and  atmosphere  are  composed  may  be 
so  altered  by  man  as  to  be  resolved  into  a few  distinct 
substances  appropriately  termed  I'dements  {Eleiiwiiiiim,  first 
or  constituent  jirinciple  of  anything),  for  by  no  known 
means  can  they  be  further  decomposed.  More  tlian  seventy 
of  tliese  elements  liave  been  proved  to  exi.st.  Some,  such 
as  gold,  occur  naturally  in  the  uncombined  state;  but  tlie 

* Students  using  this  book  as  a guide  in  following  chemistry  praeti- 
weally  should  read  the  first  four  pages,  and  then  eonimenee  work  by 
preparing  oxygen.  All  students  should  read  the  prefatory  iiage.s, 
‘"especially  the  [lage  of  Advice  to  .Students.” 
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greater  number  are  combined  in  so  subtle  a manner  as  to 
conceal  tliem  from  ordinai’y  methods  of  observation.  Thus 
none  of  the  common  properties  of  water  indicate  that  it 
is  composed  of  two  elements,  both  gases,  but  differing 
mucli  from  each  other ; nor  can  the  senses  of  sight,  touch, 
and  taste,  or  otlier  ordinary  means  of  examination,  detect 
in  their  concealment  the  three  elements  of  which  sugar 
is  composed.  Tlie  art  by  which  these  and  all  other  com- 
])ound  substances  are  resolved  into  their  elements  is  termed 
the  art  of  Chemistry,  a name  derived  possibly  from  the 
Arabic  word  l-ai)ifti,  to  conceal.*  The  ail  of  Chemistry 
also  includes  the  construction  of  compounds  from  elements, 
the  decomposition  of  comj)ounds,  and  the  conversion  of 
substances  of  one  character  into  others  of  different  character. 
'I'he  science  of  Chemistry  deals  with  the  general  principles  or 
leading  truths  relating  to  the  elements,  and  to  the  manner  in 
which  they  severally  combine  ; with  the  observation  of  the 
phenomena  which  accompany  chemical  combinations,  inter- 
actions, and  decomposilions ; and  with  the  descri|ition  of 
the  general  properties  of  the  substances  produced  during 
these  changes.! 

* The  idea  tliat  common  metals  contained  valuable  metals  concealed 
within  them  was  the  one  seed  from  which  chemical  knowledge  mainly 
s]>rang.  The  men  who  endeavoured  to  find  the  secret  of  such  con- 
cealment were  apj)ropriately  termed  alchemists,  and  their  efforts  were 
spoken  of  as  alchemy  [at  kimia,  from  kamai,  to  conceal).  Ibeir  per- 
sistent labours,  generation  after  generation,  were  unsuccessful  so  far 
as  the  transmutation  of  baser  metals  into  gold  was  concerned,  yet  were 
invaluable  to  posterity ; for  new  substances  were  discovered  and 
truths  of  nature  unveiled  : from  these  discoveries  further  discoveries 
resulted,  and  thus  grew  the  still  progressing  branch  of  knowledge 
called  Chemistry. 

I Persons  who  practise  the  art  and  science  of  Chemistry  are  known 
as  Chemists.  Some  two  hundred  or  more  years  ago,  and  before 
Chemi.stry  was  a science,  the  only  “Cliemists”  were  the  makers 
and  vendors  of  chemical  substances,  used  chiefly  as  medicines.  They 
were  the  successors  of  the  Alchemists.  In  Great  liritain  these 
chemists  and  the  herb-dealers  termed  drug-grocers,  otherwise  drug- 
gists gradually  associated  to  form  the  “Chemist  and  Druggist.” 
Between  the  “Chemist  and  Druggist”  and  the  Physician  tliere 
then  existed  the  Apothecary— the  putter  together  of  medicines,  or 
compounder  of  physicians’  prescriptions.  Tiic  Ajiothecary  has  since 
become  a medical  jiractitioner,  ])rc,scrij)tions  being  now  “made  iiji 
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From  these  few  words  concerning  the  nature  of  the  art 
and  science  of  chemistry,  it  will  be  seen  tliat  in  most  of  the 
occupations  that  engage  the  attention  ot  man.  Chemistry 
jilays  an  important  jiart — in  tew  more  so  than  in  the  practice 
of  the  various  departments  of  Medicine,  especially  the 
branches  termed  Therapeutics  * and  Pharmacy.! 

Air,  water,  food,  drugs,  and  chemical  substances — ^^in 
short,  all  material  things — are  composed,  as  stated,  of  Ele- 
ments. An  intimate  knowledge  of  the  properties  of  the 
more  important  Elements,  both  in  the  free  (or  uncombined) 
and  in  the  combined  state,  and  of  the  various  substances 
they  form  when  they  have  combined  with  each  otlier  ; all 
attainable  knowledge  of  the  power  or  force  (the  chemical 

by  the  Chemist  and  Druggist.  The  latter  in  Great  Britain,  since 
the  year  1868,  has  the  title  of  Chemist  and  I)ru</</ist,  his  higher  title 
being  Pharmaceutical  Chemist ; these  respective  designations  he 
legally  assumes  on  passing  the  Minor  and  Major  Examinations 
conducted  by  the  Pharmaceutical  Society  of  Great  Britain,  in 
accordance  with  the  provisions  of  the  Pharmacy  Acts  of  1852  and 
1868.  In  Ireland,  physicians’  prescriptions  are  compounded  by  the 
Pharmaceutical  Chemist,  or  Licentiate  of  the  Pharmaceutical  Society 
of  Ireland.  Other  classes  of  Chemists  are  the  Analytical  Chemists, 
who  give  special  attention  to  analysis  ; Manufacturing  Chemists,  who 
restrict  their  labours  to  the  preparation  of  chemical  substances  ; while 
others  devote  their  knowledge  and  energies  to  Chemical  PIducation  or 
to  Chemical  Research,  or  are  appealed  to  as  Consulting  Chemists  by 
the  persons,  firms,  corporations,  or  governments  needing  chemical 
advice  respecting  industrial  processes,  hygienic  matters,  etc.  The 
callings  of  the  Consulting  and  Analytical  Chemist  are  generally 
united.  Nearly  all  the  leading  professional  Chemists  in  the  United 
Kingdom  are  Fellows  of  the  Institute  of  Chemistry  of  Great  Britain 
and  Ireland. 

* Therapeutics  (0e/)a7rfvruc65,  therapeutikos,  from  Oepaweou),  therapeuu, 
I nurse,  serve,  or  cure)  is  the  branch  of  medi(-ine  which  treats  of  the 
application  of  remedies  for  diseases.  The  therapeutist  also  takes 
cognisance  of  hi/;/iene — the  department  of  medicine  which  respects 
the  preservation  of  health — and  of  dietetics,  the  subject  of  diet  or 
food.  By  pharmacolo(/i/  is  understood  the  normal  or  physiological 
action  of  drugs,  as  underlying  the  therapeutic  action. 

t Pharmacy  (from  (tidpfJxxKor , pharmakon,  a drug)  is  the  generic 
name  for  the  operations  of  preparing  or  comjtounding  medicines, 
whether  performed  by  the  Medical  Practitioner  or  by  the  Pharma- 
ceutical Chemist  or  the  Chemist  and  Druggist.  It  is  also  sometimes 
applied,  like  the  corresponding  term  Surgery,  to  the  apartment  in 
which  the  operations  are  conducted.  Pharmacm/nasp  is  the  study  of 
the  crude  drugs  of  the  vegetable  and  animal  kingdoins. 
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force  or  cliemical  affinity)  by  which  the  elements  contained 
in  tlie  compounds  are  lield  together ; and  the  application  of 
such  knowledge  to  Pharmacy  and  Medicine,  must  be  the 
objects  sought  to  be  attained  by  the  student  of  chemistry 
for  whom  csj)ccially  this  book  has  been  written. 


The  Elements. — Of  the  seventy  or  so  known  elements, 
the  study  of  about  forty  is  essential  for  the  proper  compre- 
hension of  chemistry.  Fortunately  for  medical  and  pharma- 
ceutical students  all  these  are  of  special  medical  or 
))harmaceutical  interest,  hence  such  students  while  learning 
the  science  itself  can  study  its  applications  to  medicine  and 
j)harmacy.  Two-thirds  of  the  forty  are  metals,  one-third 
non-metals.  'I'he  remainder  of  the  elements*  are  seldom 
met  witli  in  Nature,  or  occur  only  in  small  (juantities  ; and 
,a  number  of  them  have  not  received  any  practical  application 
either  in  Medicine,  Art,  or  Manufacture. 

Hefore  intimately  studying  the  elements,  it  is  desirable 
to  acquire  some  general  notions  concerning  them  : such  a 
procedure  w'ill  also  serve  to  introduce  tlie  practical  student 
to  his  apparatus,  and  make  him  better  acquainted  with  the 
various  methods  of  manipulation.! 

Metallic  Elements. — With  regard  to  the  metallic  elements, 
it  may  safely  be  assumed  that  the  reader  has  sufficient  know- 
ledge for  present  purposes ; but  little,  therefore,  need  be 

* A list  will  be  found  in  the  Appendix.  {See  also  pp.  26  and  .'52.) 

t This  allusion  to  apparatus  need  not  discourage  the  youngest 
student  of  chemistry  who  is  at  the  same  time  a pupil  in  medicine 
or  pharmacy.  With  the  aid  of  a few  phials,  wine-glasses,  or  other 
similar  vessels,  always  at  hand,  he  may,  by  studying  tlic  following- 
pages,  learn  the  chemical  reactions  which  are  constantly  occurring 
in  the  course  of  making  up  medicines,  understand  the  j)rocesses  by 
which  medicinal  preparations  are  manufactured,  and  detect  adul- 
terations, impurities,  or  faults  of  manufacture.  Among  the  sub- 
stances used  in  medicine  will  be  found  nearly  all  the  chemical 
materials  required.  If,  in  addition,  a dozen  test-tubes  and  a few 
feet  of  glass  tubing  be  procured,  many  of  the  experiments  described 
may  be  performed.  For  full  lists  of  apparatus  and  chemical 
materials,  see  tlie  prefatory  j)ages. 
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said  respecting  them  at  this  stage.  He  has  an  idea  of  the 
appearance,  relative  weight,  hardness,  etc.,  of  such  metallic 
elements  as  gold,  silver,  copper,  lead,  tin,  zinc,  and  iron.  If 
he  has  not  a similar  knowledge  of  mercury,  antimony, 
arsenium,  platinum,  nickel,  aluminium,  magnesium,  potassium, 
and  sodium,  he  should  embrace  the  earliest  opportunity  of 
seeing  and  examining  specimens  of  each  of  these  metallic 
elements. 

Xun-Mela/tic  Elevienls. — -With  regard  to  the  non-metallic 
elements,  it  is  here  supposed  that  the  student  has  no  general 
knowledge.  He  should  commence  his  studies,  therefore,  by 
a series  of  operations  as  follows,  on  eight  of  their  number. 

OXYGEN 

Prcparaliuii. — Oxygen  is  the  most  abundant  element  in 
nature,  forming  (in  a state  of  combination)  about  one-half 
of  the  whole  weight  of  our  globe.  To  obtain  it  for  experi- 
mental purposes  all  that  is  necessary  is  to  apply  heat  to 
certain  easily  decomposable  compounds  containing  oxygen, 
vvhereupon  the  latter  is  evolved  in  the  gaseous  condition. 
There  are  several  substances  which  readily  yield  oxygen 
upon  heating,  l)ut  the  crystalline  salt  known  as  potassium 
chlorate  is  perhaps  best  fitted  for  the  exj)eriment.  The  size 
and  form  of  the  vessel  in  which  to  heat  the  salt  will  mainly 
depend  on  the  (juantity  of  oxygen  recjuired  ; but  for  the 
purposes  of  the  student  the  best  is  a tcsl-luhc,  an  instrument 
tin  constant  use  in  studying  practical  chemistry.  It  is  simply 
a tube  of  thin  glass,  a few  inches  in  length,  and  half  or 
three-cjuarters  of  an  inch  in  diameter,  closed  by  fusion  at 
one  end.  It  is  made  of  thin  glass,  in  order  that  it  may  be 
rapidly  heated  or  cooled  without  risk  of  fracture.  (See 
pictures  of  test-tubes  in  figures  .‘5  and  f.) 

Oullhie  ()/  l/ie  Proee.ss. — Heat  pobissium  chlorate  (say,  ;is 
much  as  will  lie  on  a shilling)  in  a test-tube  held  in  the 
Hame  of  a Hunsen  burner  or  sj)irit  lamp.  The  salt  first 
fuses  i.e.,  Ii(|uefies — and  forms  a colourless  licjuid  ; and,  on 
further  heating  this  liejuid,  gaseous  oxygen  is  (piickly  evolved. 
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Before  applying  heat,  howevei’,  provision  should  be  made  for 
collecting  the  gas. 

Collection  of  Gaxes  (.vec  in  fig.  3). — Procure  a piece  of  glass 
tubing  about  the  thickness  of  a quill  pen,  and  a foot  or 
eighteen  inches  long,  and  fit  it  to  the  test-tube  by  means  of 
a cork.  (Longer  tubes  may  be  neatly  cut  to  any  size  by 
smartly  drawing  the  edge  of  a triangular  file  across  the 
glass  at  the  required  point,  then  clasping  the  tube,  the 
scratch  being  between  the  hands,  and  pulling  the  portions 
asunder,  the  pull  being  exerted  as  if  to  open  out  the  crack 
which  the  file  has  commenced.)  The  tube  is  fixed  in  the 
cork  through  a round  hole  made  by  the  aid  of  a red-hot  wire, 
or,  better,  l)y  a rat-tail  file,  or,  best  of  all,  by  one  of  a set 
of  cork-borers — ])ieces  of  brass  tubing  of  different  diameters, 
sliarpened  at  one  end  and  having  a flat  head  at  the  other. 
The  cork  and  test-tube  must  be  fitted  to  each  other 
accurately  and  closely,  I)ut  not  so  tightly  as  to  break  the 
test-tube,  'i'he  long  piece  of  tubing  should  be  bent  to  the 
most  convenient  shape  for  delivering  the  gas. 

To  liend  Ghms  Tubes. — Hold  the  ]iart  of  the  tube  reejuired 
to  be  bent  in  any  gas-  or  s])irit-flame  (a  fish-tail  gas-jet, 
for  exami)le,  fig.  1),  constantly  rotating  it,  so  that  about 


an  incli  of  the  glass  becomes  heated.  It  will  soon  begin 
to  soften,  and  l)y  the  gentle  pressure  of  the  fingers,  it  can 
then  be  made  to  assume  any  required  angle.  In  the  present 
ease,  the  tulie  should  be  heated  at  about  lour  inches  from 
the  extremity  to  which  the.  eork  is  attached,  and  bent  to 
an  angle  of  ’ <JU  degrees  (fig.  2).  A similar  bend  may  be 
made  near  the  other  end,  and  the  short  piece  of  straight 
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tubing  at  this  end  should  then  he  cut  off.  The  cut  ends 
should  finally  he  rounded  oil’  hy 
holding  them  in  the  flame  until  the 
glass  softens.  The  finished  tube  has 
the  shape  shown  in  fig.  3. 

Colledioii  of  Gcixcs  {c'uiitiiiuedf — 

Fit  the  cork  and  bent  tube  into 
the  test-tube ; the  apparatus  will 
then  be  ready  for  delivering  gas 
at  a convenient  distance  from  the 
heated  jjortion  of  the  arrangement. 

To  collect  the  oxygen,  have  ready 
three  or  four  test-tubes  (or  small 
wide-mouthed  bottles)  (juile  filled 
with  water,  and  inverted  in  a basin 
or  other  vcs.scl,  also  containing  water,  taking  care  to  keep 
the  mouths  of  the  filled  tubes  a little  below  the  surface. 
Now  apply  heat  to  the  chlorate  contained  in  the  test- 
tube,  and  so  arrange  the  open  end  of  the  bent  tube  under 
the  water  that  the  gas  which  presently  escapes  with  effer- 
vescence from  the  melted  chlorate  may  pass  out  from  the 
free  end  of  the  tube,  and  may  bubble  into  and  gradually 
fill  the  previously  water-filled  inverted  test-tubes.  The 
first  lubeful  may  be  rejected,  as  it  probably  consists  of 
little  more  than  the  air  which  was  originally  in  the  apjia- 
ratus  and  has  been  displaced  by  the  oxygen.  That  which 
comes  afterwards  will  be  practically  pure  oxygen. 


KI(5.  2. 


.‘\s  each  Lube  or  bottle  becomes  full,  close  its  mouth 
(still  under  the  surface  of  the  water)  by  a cork  and  then 
set  it  aside;  or  inste.ad  of  a cork  ;i  little  cup  (such  as  a 
])oreelaiii  crucible  or  small  galli|)ot)  may  be  brought  under 
its  mouth,  and  the  ciiji,  with,  the  mouth  of  the  tube  in 
it,  be  lifted  out  of  the  water  and  jilaccd  aside  until 
wanted,  the  water  remaining  in  the  cup  effectually  pre- 
venting the  gas  from  esca[)ing. 
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On  Ike  large  .scale,  oxygen  may  be  prepared  in  tlie  same 


Fi(i.  3.— Tliis  picture  represents  the  preparation,  collection,  and  storage  of  small 
ipiantities  of  oxygen  gas.  A test-tube  and  bent  glass  tube,  connected  by  means  of 
a perforated  cork,  are  su])ported  by  the  arm  of  an  iron  stand.  (The  apparatus  might 
be  held  by  the  lingers.)  The  test-tube  is  heated  in  a “ JJnnsen  ” llanie.  (The  spirit- 
lamp  shown  at  back  might  be  n.sed  instead.)  The  gas  evolved  from  the  he.ated 
substance  displaces  water  from  an  inverted  test-tube.  Spare  tubes  in  a test-tube 
rack  are  at  hand,  and  tubes  already  lllled  with  the  gas  have  been  sot  aside  till  wanteil. 
A set  of  cork-lx)rers,  a round  llle,  a triangular  file,  and  a test-tube  cleaning  brush  are 
lying  on  the  table  or  student's  bench.  Below  are  cupboards  for  apparatus,  above  are 
bottles  containing  testing  liquids,  etc. 


liciiig 


way,  larger  vessel.s  (glass  flasks  or  iron  hoLlIes) 
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employed.  If  the  i)otassiuni  chlorate  be  previously  mixed 
with  about  an  equal  weight  of  common  black  manganese 
oxide,  the  oxygen  will  be  given  off  at  a considerably  lower 
temperature. 

Oxygen,  when  required  in  a very  pure  state  for  medi- 
cinal purposes,  might  be  prepared  by  adding  water,  in 
small  successive  quantities,  to  a mixture  of  sodium  ])eroxide 
and  sand  ; but  the  high  degree  of  purity  attained  in  the 
commercial  preparation  of  oxygen  from  the  atmosphere 
(by  a method  that  will  be  described  later)  by  manu- 
facturers who  supply  the  gas  compressed  in  steel  cylindei’s, 
renders  this  oxygen  suitable  for  all  such  jmrposes. 

Xute  un  the  CoUcclion  amt  Storage  of  Gases. — A number  of 
gases,  whether  prepared  for  experimental  purposes  or  on 
the  large  scale,  may  be  collected  and  stored  in  vessels 
inverted  in  water  in  the  manner  just  described  for  oxygen. 
Thus  coal-gas  (generated  at  gas-works  by  strongly  heating 
coal  in  iron  retorts,  very  much  the  shape  of  test-tubes, 
only  as  many  feet  long  as  a test-tube  is  inches)  is  stored 
in  the  well-known  iron  gas-holders  which  may  be  regarded 
as  playing  the  j)art  of  the  inverted  test-tubes  or  bottles  in 
the  oxygen  experiment.  It  is  plain  that  collection  and 
storage  over  water  is  only  practicable  in  the  case  of  gases 
which  do  not  di.s.solve  to  more  than  a small  extent  in 
water.  Coal-gas  and  other  gases  besides  oxygen  may  be 
.stored  in  steel  cylinders  under  high  pressure. 

Sotuhitili/  of  (ta.ses  in  ll'aler. — All  gases  are  more  or  less 
soluble  in  watc-r.  'I'he  (piantity  of  any  gas  whicli  dissolves 
depends  u j)on  the  temperature — cold  water  dissolving  more 
than  hot— and  upon  the  prc.ssure.  Whatever  tin?  (piantity 
of  a gas  dissolved  by  a licpiid  at  ordinary  atmospheric 
liressure,  double  that  quantity  is  dissolved  at  double  the 
pressure,  treble  that  (piantity  at  treble  pressure,  and  so  on. 
Ihis  is  a general  law  (Henry  and  Dalton)  regarding  the 
solubility  of  gases  in  liipiids  at  constant  temperatures. 

I^rojierlies. — I' ria-  oxygen  is  a colourless,  odourless,  and 
tasteless  gas.  (aillctet  and  I’ictet  succeeded  in  liipicfy- 
ing  it  on  a small  scale,  and  Wrohlewski  and  ()lszewski 
obtained  it  in  larger  (piantity  as  a trans|)arciit  fluid,  closely 
resembling  water  in  ap])caraiicc,  but  slightly  bluer;  Dewar 
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h;is  now  liquefied  it  in  large  quantities,  and  has  also  obtained 
it  in  the  solid  condition.  Obviously  oxygen  is  not  very 
soluble  in  water',  or  it  could  not  be  collected  by  the  aid 
of  that  liquid.  It  is  soluble,  however,  to  a certain  extent, 
about  3 volumes  dissolving  in  100  of  water  at  ordinary 
temperatures.  Wlren  any  ordinary  sample  of  cistern  or 
river  water  is  heated,  or  subjected  to  greatly  reduced 
pressure,  numerous  small  bubbles  of  gas,  containing  a 
considerable  jrroporlion  of  ox}'gcn,  gradually  escape  from 
it.  'I’he  j)resence  of  dissolved  oxygen  in  river  and  .sea 
water  is  essential  for  the  respiration  of  fishes. 

'I'o  observe  the  relation  of  oxygen  to  combustion,  remove 
one  of  the  tubes  from  the  water,  by  placing  the  thumb 
over  its  mouth,  and  apply  for  a .second  a lighted  wood 
match  to  the  orifice;  the  gas  will  l)e  found  to  be  incom- 
bustible. Isxtingiiish  the  fiame  of  the  match,  and  then 
(piickly  introduce  the  still  incandescent  carbonised  extremity 
of  the  wood  well  inside  the  test-tube ; the  Avood  will  at  once 
burst  into  fiame,  owing  to  the  extreme  violence  with  which 
oxygen  su])ports  combustion.  These  tests  of  the  presence 
of  free  oxygen  may  also  be  applied  at  the  extremit}'  o( 
the  delivery-tube  whilst  the  gas  is  being  evolved.  (It  is 
desirable  to  retain  two  tubes  of  the  gas  for  use  in  sub- 
se(|uent  experiments ; also  one  tube  in  which  only  one- 
third  of  the  w;iter  has  been  displaced  by  oxygen.) 

Rdalion  of  O.ri/gcii  to  Aiihiml  and  Fcgdahlc  Life. — Not  only 
the  carbon  at  the  end  of  a piece  of  ch.irred  wood,  but  an}^ 
other  sub.stance  that  will  burn  in  air  (which,  as  will  be  seen 
j)re.sently,  is  diluted  oxygen)  will  burn  more  brilliantly  in 
pure  oxygen.  The  warmth  of  the  bodies  of  animals  is  kept 
up  by  the  continuous  burning  of  the  tissues  in  the  oxygen  ot 
the  air,  drawn  into  the  sy.stem  through  the  lungs.  The  jiro- 
duct  of  this  combu.stion  is  exhaled  into  the  air  .as  ;i  ga.seous 
compound  of  carbon  .and  oxygen  termed  carbonic  anhydride, 
a gas  which,  in  sunlight,  is  .ab.sorbcd  by  and  decomj)osed  in 
the  cells  of  plants  with  fixation  of  the  carbon  and  liberation 
of  the  oxygen.  'I'lius,  too,  is  the  atinos))hcre  kept  constant  in 
composition. 
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Memorandum. — At  present  it  is  not  advisable  that  tlie 
reader  should  trouble  himself  with  the  consideration  of  the 
chemical  action  which  occurs  either  in  the  elimination  of 
oxygen  from  its  compounds,  or  in  the  separation  of  any  of 
the  following  non-metallic  elements  from  their  combinations. 
It  is  to  the  properties  of  these  elements  themselves,  especi- 
ally in  their  free,  or  uncombined,  condition,  that  he  should 
at  present  restrict  his  attention.  Working  thus  from  simple 
to  more  complex  facts,  he  will  in  due  time  find  that  the  com- 
prehension of  such  actions  as  occur  in  the  preparation  t)f 
these  few  elements  will  be  easier  than  if  he  attempted  their 
full  study  now. 

HYDROGEN 

Prcparathm  and  Culicclion. — The  element  Hydrogen,  in  the 
uncombincd  .state,  is  also  a gas.*  It  is  obtainable  from  its 
ccnnmonest  compound,  water  (of  which  about  one-ninth  by 
weight  is  hydrogen),  by  the  agency  of  hot  zinc  or  iron,  but 
more  conveniently  by  the  action  of  either  of  these  metals  on 
cold  di/ulc  sulphuric  acid.  The  apparatus  used  for  making 
oxygen  may  be  employed  for  this  experiment ; but  no  lamj) 

* Graham  olitained  alloys  of  hydrogen  with  palladium  and  other 
nietals,  eompound.s  in  which  several  hundred  times  its  bulk  of  gas 
is  retained  by  the  met.d  i>i  racuo  or  ev’en  at  a red  heat.  This  was 
regarded  as  physical  confirmation  of  the  o|>inion  long  held  by 
chemists,  that  liydrogen  is  a gaseous  metal.  Graham  termed  it 
hi/drofie.nium,  other  chemists  hijdrhtm,  and  {'onsidered  its  relative 
weight  in  the  .solid  state  to  be  nearly  three-fourths  that  of  water. 
Olszew.ski  claimed  to  have  liquefied  hydrogen  in  1895.  It  has  been 
liquefied  by  Dewar,  who  finds  its  critical  temperature  (/.e.,  the 
tetnperaturc  to  which  it  must  be  cooled  before  it  is  possible  to  convert 
it  into  the  liquid  sbite  by  the  ap[)lieation  of  any  pressure,  however 
great)  to  be  approximately  -23;j“C.,  and  its  boiling  point  -2I3°C. 

Jleliitm.—'Slorc  than  thirty  years  ago,  Frankland  and  Lockyer,  to 
account  for  a certain  yellow  line  in  the  .solar  spectrum,  assumed  the 
exi.stence  of  a .separate  element  which  they  termed  helium.  In  189.5 
llamsay  found  a new  element  in  the  mineral  clevite  giving  on  ignition 
a yellow  line  in  the  spectrum,  probably  idcnlicid  with  th.it  just  alluded 
to.  To  this  new  terrestrial  clement  hegave  the  name  hcliuni.  Kamsay, 
Collie,  and  I ravers  afterwards  louiid  lielium  in  many  minerals,  often 
ai’companied  by  hydrogen,  though  it  seems  rather  to  have  analogies 
with  argon,  another  new  element  which  will  be  referred  to  under 
nitrogen.  l\lany  minerals  yield  gases  when  healed,  and  even  contain 
gases  in  cavities. 
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is  required.  Place  several  pieces  of  thin  zinc  * in  the 
generating  tube  (fig.  4),  or  in  a common  glass  bottle  (fig.  5) 
or  flask,  and  cover  them  with  water.  The  collecting-tubes 


I iiml  5.  -I’rrpiiralioii  of  Uydroguii. 


(these  also  may  be  wide-mouthed  bottles)  being  ready,  add 
eoiieenlrated  sulpliuric  acid  (oil  of  vitriol)  to  the  zinc  and 
water,  in  the  proportion  of  about  1 volume  of  acid  to  5 of 
water,  and  fit  on  tlie  delivery-tube;  or  pour  tlie  acid  down 
sueli  a funnel-tube  f as  is  sliown  in  fig.  5 ; the  hydrogen  at 
once  e.seapes  with  ell'ervescence  from  the  fluid.  Having 
rejected  the  first  portions  (or  having  waited  until  the  air 
originally  in  the  bottle  may  be  considered  to  be  all  exjielled), 
collect  four  or  five  tubes  of  the  gas  in  the  manner  described 
under  o.vygen. 

Xo/cx. — In  making  larger  (juantities,  bottles  of  a})])ropriate 
size  may  be  employed.  ()ther  metals,  notably  potassium  and 

* The  best  form  is  (franukUed  zinc  prepared  by  heating  zinc  in  an 
iron  ladle  over  a fire,  and  immediately  the  metal  is  fused,  pouring 
it  in  a slow  stream  into  a f)ail  of  water  from  a height  of  8 or  10  feet. 
Each  drop  of  zinc  thus  yields  a thin  little  bell,  which,  for  its  weight, 
presents  a large  surface  to  the  action  of  the  acid  liquid.  If  the 
melted  zinc  becomes  too  hot,  the  little  bells  will  not  be  formed.  A 
trace  of  iron  in  the  zinc  greatly  increases  the  rate  at  whii-h  the  hydro- 
gen is  evolved. 

I Funnel-tubes  7nay  be  purchased  of  the  apparatu.s-maker ; or,  if 
the  i)upil  has  access  to  a table  blow|)ipe,  and  the  advantage  of  a tutor 
to  direct  his  operations,  they  may  be  made  by  him.self. 
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sodium,  liberate  liydrogen  the  moment  they  come  into  contact 
with  water;  but  the  processes  are  not  economical,  aiid  the 
action  is  dangerously  violent. 

Prapniies. — Hydrogen,  like  oxygen,  is  colourless,  odour- 
less, and  tasteless.  If  iron  be  used  to  generate  the  ga.s,  it  has 
a marked  smell ; but  this  is  due  to  impurities  derived  from 
the  iron. 

Apply  a flame  to  the  mouth  of  the  delivery-tube,  but  not 
until  it  is  plain  that  the  brisk  effervescence  of  hydrogen  must 
have  resulted  in  the  driving  out  of  all  air  from  the  generating 
tube  or  bottle,  /«/•  the  mixture  of  hydrogen  and  air  may  explode. 
Ignition  of  the  hydrogen  ensues,  showing  that,  unlike  oxygen, 
it  is  combustible. 

Plunge  a lighted  match  well  into  a tube  (or  wide-mouthed 
bottle)  containing  free  hydrogen  ; the  gas  is  ignited,  but  the 
match  becomes  extinguished.  This  shows  that  hydrogen  is 
not  a supporter  of  ordinary  combustion. 

Hydrogen  in  burning  unites  with  the  oxygen  of  the  air 
and  forms  water,  which  may  be  condensed  on  a cool  glass  or 
other  surface.  Prove  this  by  holding  a glass  vessel  a few 
inches  above  a hydrogen-flame.  In  burning  the  hydrogen 
contained  in  one  of  the  tubes  or  bottles,  the  flame  is  best  seen 
when  the  tube  is  held  mouth  upwards,  and  water  poured  in 
so  as  to  exj)el  the  gas  gradually. 

If,  instead  of  this  gradual  combination  of  the  two  elements 
oxygen  and  hydrogen,  they  be  mixed  together  in  the  right 
proportions  and  then  ignited,  they  will  rapidly  combine, 
and  explosion  will  result.  Prepare  a mixture  of  this  kind 
by  filling  up  with  hydrogen  a test-tube  from  which  one- 
third  of  the  w'ater  has  already  been  expelled  by  oxygen. 
Remove  the  tube  from  the  water,  placing  a finger  over  its 
mouth,  and  having  a lighted  match  ready,  apply  the  flame  ; 
explosion  ensues,  owing  to  the  instantaneous  combination  of 
the  whole  bulk  of  the  two  elements,  and  the  cxjiansive  force' 
of  the  highly  heated  steam  jjroduced.  If  anything  larger 
than  a test-tube  is  cmj)loycd  in  this  experiment,  it  should 
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be  an  aerated  water  bottle,  or  some  sucli  vessel  equally 
strong. 

•Vo/c.v. — These  gases  thus  unite  at  a temperature  far  higher 
than  that  of  boiling  water,  two  volumes  of  hydrogen  and  one 
of  oxygen  yielding  two  of  gaseous  water  (steam). 

'J'hc  iioixe  of  such  explosions  is  caused  by  concussion 
between  the  suddenly  expanded  gaseous  body  and  the  air. 

The  force  of  the  explosion,  or,  in  other  words,  the  pressure 
of  the  suddenly  heated  and  therefore  suddenly  expanded  steam, 
is  below  that  necessary  to  break  the  test-tube.  Some  pressure, 
however,  is  exerted  ; and  hence  the  necessity  of  the  precau- 
tion ])revi()usly  suggested,  of  allowing  all  the  air  which  may 
be  in  a hydrogen-apparatus  to  escape  before  proceeding  with 
the  experiments.  If  a Hame  be  applied  to  the  delivery-tube 
before  all  the  air  is  ex])elled,  the  probable  result  will  be  igni- 
tion of  the  mixture  of  hydrogen  and  oxygen  (of  the  air)  and 
consequeiit  explo.sion.  but  even  in  this  case  the  generating 
vessel  is  not  often  fractured  unless  it  be  large  and  of  thin 
glass,  the  ordinary  elfect  being  that  the  cork  is  blown  out, 
and  the  delivery-tube  broken  on  falling  to  the  ground. 

Hydrogen  is  a constituent  of  all  tlie  substances  burned 
for  producing  artificial  light,  such  as  solid  fats,  oil,  and  coal- 
gas.  'J'he  explosive  I’orce  of  large  quantities,  such  as  a room- 
ful, of  coal-gas  and  air  is  well  known  to  suffice  for  blowing 
out  that  side  of  the  room  which  offers  least  resistance. 

The  composition  of  ivaler  can  be  proved  analytically  as  well 
as  synthetically,  by  passing  a current  of  electricity  through 
dilute  sulphuric  acid  (electrolysis,  from  Avw,  Ino,  I loose,  or  I 
decompose).  During  the  passage  of  the  current,  hydrogen 
and  oxygen  are  liberated  in  the  j>roportions  in  which  they 
are  present  in  water,  twice  as  much  hydrogen  as  oxygen,  by 
volume,  being  produced.  'i'he  quantity  of  sulphuric  acid 
remains  the  same  at  the  end  as  at  the  beginning  of  the 
experiment,  the  quantity  of  water  having  alone  diminished. 

CoMHUSTioN  (from  comhuro,  I burn). — The  experiments 
with  hydrogen  and  oxygen  illustrate  the  true  character  of 
combustion.  Whenever  chemical  combination  is  sufficiently 
intense  to  be  accompanied  by  heat  and  light,  the  materials 
are  said  to  undergo  combustion.  Combustion  only  occurs  at 
the  line  of  contact  of  the  combining  bodies;  a jet  of  oxygen 
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will  burn  in  ;in  atmosphere  of  hydrogen  cpiite  as  easily  as  a 
jet  of  hydrogen  in  oxygen.  A jet  of  air  (diluted  oxygen) 
will  burn  as  readily  in  a jar  of  coal-gas  as  a jet  t>f  coal- 
gas  burns  in  air ; each  is  combustible,  each  sup})orts  the 
combustion  of  the  other.  Hence  the  terms  combustible  and 
.iiipporler  of  combustion  are  merely  conventional,  and  only 
applicable  so  long  as  the  circumstances  under  which  they 
are  applied  remain  the  same.  In  the  case  of  substances 
burning  in  air,  the  conditions  are,  practically,  always  the 
same ; hence  no  confusion  arises  from  regarding  air  as  the 
great  supporter  of  combustion,  and  bodies  which  burn  in  it  as 
being  combustible. 

Structure  of  Flame. — A candle-Hame  (tig.  G)  or  oil-flame  is 
composed  of  intensely  heated  material  ; the  central  portion  is 
unburnt  gas,  the  next  envelope  is  formed  of  ))artially  burnt 
and  very  dense  gaseous  and  solid  particles  sufficiently  highly 
heated  to  give  light,  and  the  outer  cone  of  eompletely  burnt 
gases.  In  the  figure  the  shar])iiess  of  limit  of  these  cones  is 


purpo.sely  somewhat  exaggerated.  Air  made  by  any  mechani- 
cal contrivance  to  mix  witli  the  gas  in  the  interior  of  a flame 
at  once  burns  up,  or  perhaps  prevents  the  formation  of,  dense 
gases ; givi]ig  a hotter,  but  non-luminous  jet.  The  air-gas 
lamps  (fig.  7),  or  “ llun.sen  ” gas-burners,  commonly  used  in 
chemical  laboratories,  are  constructed  on  this  principle ; 
their  flame  has  the  additional  advantage  of  not  yielding  a 
deposit  of  soot. 

In  the  air-gas  burner  coal-gas  c.sca])ing  from  ;i  small 
orifice  at  the  bottom  of  the  u|)right  lube  draws  in  and  mixes 
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witli  rather  more  than  twice  its  volume  of  air  (supplied 
tlirou<rh  adjacent  holes).  The  mixture,  -when  kindled,  only 
l)urns  at  the  end  of  the  ujiright  tube,  and  not  within  it, 
j)artly  because  the  metal  of  the  burner,  by  conducting  heat 
away,  cools  tlie  mixture  below  the  temperature  at  wliicli  it 
can  ignite ; jjartly  because  tlie  velocity  with  which  the 
mixture  Hows  out  is  greater  than  the  rate  at  wliich  such  a 
mixture  ignites  ; and  partly  because  the  proportion  of  air  to 
gas  in  the  mixture  is  insufficient  for  perfect  combustion,  the 
external  air  immediately  surrounding  the  flame  contributing 
materially  to  the  complete  combustion  of  the  gas.  In  the 
Dai'if  .sqf  'elij-lavip  advantage  is  taken  of  the  rapidity  with  which 
a surface  of  wire  gauze  conducts  aw'ay  heat  : a wire-gauze 
cage  surrounds  an  oil-flame ; an  inflammable  mixture  of  gas 
(fire-damp)  and  air  can  pass  through  the  gauze  and  burn 
inside  ; but  the  flame  cannot,  ordinarily,  be  communicated  to 
the  mixture  outside,  because  the  metal  of  the  gauze  and  of 
the  other  j)arts  cools  down  the  gas  below  the  temperature  at 
which  combustion  can  continue. 


PmpcrUe.s  of  Hydrogen  (eonlinned). — Gaseous  hydrogen  is 
the  lightest  substance  known.  It  is  used  for  filling  balloons, 
but  has  been,  to  some  extent,  superseded  by  coal-gas 
because  coal-gas,  though  not  so  light,  is  cheaper  and  more 
easily  obtained.  The  lightness  of  hydrogen  may  be 
rendered  evident  by  the  following  experiment : — Fill  tw  o 
test-tubes  with  the  gas,  and  hold  one  with  its  mouth  down- 
wards and  the  other  with  its  mouth  upwards.  The  hydrogen 
will  have  escaped  from  the  latter  in  a few  seconds,  wdiereas 
the  former  wall  still  contain  the  gas  after  the  lapse  of  many 
seconds.  This  may  be  proved  by  applying  a lighted  match 
to  the  mouths  of  the  tubes. 


The  relaiwe  weight,  or  specific  gravity  of  oxygen  is  nearly 
sixteen  times  that  of  hydrogen.  A vessel  holding  one  grain 
of  hydrogen  will  hold  nearly  sixteen  grains  of  oxygen.  Ihe 
relation  of  the  weight  of  hydrogen  to  air  is  as  1 to  14-41, 
or  as  0 069.3  to  10.  One  grain  of  hydrogen  by  w'cight 
measures  about  27  fluid  ounces,  and,  therefore,  wovdd  .about 
fill  II  eommon  wine-bottle.  Sueh  a bottle  would,  at  oidinai^ 
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teinperatureSj  hold  about  111  grains  of  air,  or  about  16  grains 
of  oxygen. 

Mem. — It  is  desirable  to  retain  two  tubes  of  hydrogen  for 
use  in  subsequent  experiments. 

Diffusion  of  Gases — Hydrogen  cannot  be  kept  in  such 
vessels  as  the  inverted  test-tube  of  the  above  experiment ; 
for,  though  much  lighter  than  air,  it  di(f’iixes  downwards  into 
the  air,  while  the  air,  though  much  heavier,  diffuses  iqnvards 
into  the  hydrogen.  This  power  of  diffusion  is  possessed  by 
all  gases.  The  rates  of  diffusion  of  the  different  gases  are 
inversely  projiortional  to  the  square  roots  of  the  densities 
of  the  gases  (Grahcan).  Thus  hydrogen  diffuses  four  times 
faster  than  oxygen.  This  great  and  important  jirojierty  of 
diffusion  suggests  that  the  particles  of  gases  are  always 
moving,  never  at  rest ; how  otherwise  could  gases  diffuse 
into  each  other  as  tliey  do,  notwithstanding  the  opposing 
influence  of  gravitation  Diffusion  strongly  supports  this 
(Clausius’s)  kinetic  (/ctVeoj,  kiued,  I move,  or  put  in  motion) 
theory  of  the  physical  condition  of  gases. 

PHOSPHORUS 

■ Ippcurame  and  Source. — Phosphorus  (^Phosphorus,  15. P.) 
is  a solid  element,  in  appearance  and  consistence  resembling 
white  wax ; but  it  gradually  becomes  yellow  by  exposure 
to  light.  It  is  a constant  constituent  of  bones,  and  may  be 
prepared  from  them  by  a process  which  will  be  described 
subsequently. 

( uuliou. — Phosphorus,  on  account  of  its  great  affinity  for 
(ixygen,  takes  fire  very  readily  in  the  air,  and  should  there- 
fore be  kept  under  water.  When  wanted  for  use,  it  must 
be  cut  under  water.  It  is  employed  in  tipping  lucifers, 
though  red  or  amorphous  pho.y>horus  is  less  objeetionablc  for 
this  purpose. 

h.ij)erimeul . — Dry  a piece  of  ordinary  phosphorus,  about 
one-fourth  the  size  of  a pea,  by  (piickly  and  carefully  pressing 
it  lietween  the  folds  of  porous  (filter  or  lilotting)  paper;  place 
it  on  a |)late,  and  ignite  it  by  loucliiiig  it  with  a [liece  of 
Warm  wire  or  wood.  'I'he  product  of  combustion  is  a dense 
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wliite  suttbcating  smoke,  vvliich  must  be  confined  at  once  by 
placing  an  inverted  tumbler,  or  beaker,  or  other  similar 
vessel  over  tlie  phosphorus.  The  fumes  rapidly  aggregate, 
and  fall  in  white  flakes  on  the  plate.  When  this  has  taken 
place,  and  tlie  pliosjdiorus  is  no  longer  burning,  moisten  the 
j)owder  with  a drop  or  two  of  water,  and  observe  that  some 
of  tlie  water  is  converted  into  steam,  an  effect  due  to  the 
intense  affinity  with  whieh  another  jiortion  of  the  water 
and  the  powder  have  combined,  with  the  evolution  of 
heat. 

The  powder  produced  by  the  combustion  of  jihosphorus  is 
termed  phosjihoric  anhydride  ; the  combination  of  the  latter 
with  the  elements  of  water  produces  a variety  of  phosjihoric 
acid  which  dissolves  in  tlie  water  and  forms,  on  standing,  a 
dilute  solution  of  ordinary  jihosjihorie  acid.  'I’he  Diluted 
Phosphoric  Acid  of  the  “British  Pharmacojiceia  ” is  a similar 
solution,  made  in  a somewhat  different  way,  and  of  definite 
strength. 


NITROGEN 

Source. — The  chief  source  of  this  gaseous  element  is  the 
atmosjihcre,  nearly  four-fifths  of  which  consists  of  nitrogen 
(whilst  roughly  one-fifth  is  oxygen). 

Pirparalioii. — Burn  a jiiece  of  dry  jihosjihorus,  the  size 
of  a jica,  in  a confined  jiortion  of  air.  The  oxygen  is  thus 
removed,  and  the  nitrogen  remains.  The  readiest  mode  of 
jierforming  this  exjieriment  is  to  fix  a jiiece  of  earthenware 
(the  lid  of  a small  jiorcelain  crucible  answers  very  well)  on 
a thin  jiiece  of  cork,  so  that  it  may  float  in  a dish  of  water 
(fig.  8).  Place  the  dry  jihosjihorus  on  the  lid,  ignite  with  a 
warm  rod,  and  then  invert  a tumbler,  or  any  glass  vessel  of 
about  a half-jiint  cajiacity,  over  the  burning  jihosjihorus,  so 
that  the  mouth  of  the  glass  may  diji  into  the  water.  Let  the 
arrangement  rest  for  a short  time,  for  the  (lakes  of  jihosjihoric 
anhydride  to  subside  and  dissolve  in  the  water,  and  then 
decant  the  gas  into  test-tubes  as  indicated  in  fig.  !),  using  a 
tub  or  other  vessel  of  water  of  sufficient  dejith  to  admit  of 
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the  glass  conlaiiiing  the  nitrogen  being  turned  on  one  side 
without  air  gaining  access. 

Lar<>-er  quantities  of  nitrogen  may  be  obtained  in  the 
same  way.  Other  combustibles,  as  sulphur  or  a candle, 
might  be  used  to  burn  out  the  oxygen  gas  from  the  air, 
but  none  answer  so  quickly  and  completely  as  phosphorus, 
added  to  which,  the  products  of  their  combustion  would  not 
always  be  dissolved  by  water,  but  would  remain  mixed  \vith 
the  nitrogen. 


Fig.  8.— Preparation  of  Xitrogun.  Fig.  9.— Decaiitatiou  of  Gases. 

Me»i. — The  statement  concerning  the  composition  of  the 
air  is  roughly  confirmed  in  isolating  nitrogen,  about  one-fifth 
Ilf  the  volume  of  the  air  originally  in  the  glass  vessel  having 
disappeared,  its  place  being  occupied  by  water. 

I'roperlics. — Nitrogen,  like  oxj^gen  and  hydrogen,  is 
colourless,  tasteless,  and  odourless.  By  pressure,  Cailletet  and 
I’ictct  condensed  it  to  a liquid.  Wroblewski  and  Olszewski 
obtained  it  in  some  (|uantity  as  a nearly  colourless,  trans- 
parent fluid,  which  congeals,  by  its  own  evaporation,  to  a 
white  snow'-like  .solid.  It  is  oidy  slightly  .soluble  in  water. 
Free  nitrogen  is  distinguished  from  most  other  gases  by  the 
absence  of  any  very  characteristic  or  positive  properties. 
Apply  a flame  to  some  contained  in  a tube;  it  will  be  found 
to  be  incombustible.  Immerse  a lighted  match  in  the  gas; 
the  flame  is  extinguished,  showing  that  nitrogen  is  a non- 
supporter  of  combustion. 
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Nitrogen  is  nearly  fourteen  times  as  heavy  as  hydrogen. 

Tlie  free  nitrogen  in  the  air  acts  as"  a diluent  of  the 
energetic  oxygen^  with  which  it  forms  merely  a mechanical 
mixture. 

Tlie  air  is  nearly  fourteen  and  a half  (14‘44)  times  as 
heavy  as  hydrogen.  It  may  be  li(juefied  and  solidified.  Its 
average  eomj)osition,  including  minor  constituents  (which 
will  be  referred  to  subse(iuently),  is  as  follows : — 


('ompoxilion  of  the  Almoxphcrc. 


hi 

100  volumes. 

Oxygen  

20-GG 

Nitrogen  ...... 

7G-95 

Argon  ...... 

•94 

Carbonic  anhydride  .... 

•034 

Aqueous  vapour  .... 

Ammonia,  nitric  acid,  carburetted 

1-40 

hydrogen,  hydrogen,  ozone,  helium,  - 
kryjiton,  neon,  xenon  . . . i 

traces. 

Sulj)hurettcd  hydrogen,  sulphurous  \ traces  in 
anhydride  . . . . . j towns. 

Pure  dry  air,  freed  from  carbonic  anhydride,  etc.,  is 
remarkably  constant  in  composition,  and  contains  approxi- 
mately : — 

Per  cent.  Per  cent, 
by  volume.  by  weight. 

Nitrogen  (including  argon,  etc.)  7D'04  76'9 

Oxygen  . . . . . 20-9G  23-1 

Free  Nilrogen  and  Condyined.  Nilrogen. 

Notwithstanding  the  comj)arative  inactivity  or  negative 
character  of  nitrogen  in  its  free  condition — that  is,  when 
uncomhined  with  other  elements — this  element,  when  com- 
bined with  hydrogen,  carbon,  oxygen,  etc.,  is  a constituent 
of  a large  number  of  important  substances,  including  the 
ammonium  compounds,  the  various  cyanogen  compounds, 
the  extensive  group  of  salts  called  nitrates,  the  valuable 
medicinal  agents  known  as  alkaloids,  the  various  albumenoid 
and  collagenic  matters  characteristic  of  the  tissues  of  animals 
and  plants,  and  so  forth.  Free  nitrogen  is  not,  however, 
altogether  inactive,  for  the  nitrogen  of  the  air  appears  to  be 
absorbed  atid  assimilated  by  some  plants — certain  crops  con- 
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taining  more  nitrogen  than  the  soil  and  manure  in  whieh 
they  grew.  The  absorption  is  effected  by  means  of  nodules 
which  occur  on  the  roots  of  clover  and  other  leguminous 
plants ; these  are  the  dwelling-places  of  micro-organisms, 
and  it  is  through  their  agency  that  the  soil  in  which  such 
plants  grow  becomes  richer  in  nitrogen.  Experiments  have 
been  made  with  a view  to  inducing  these  organisms  to  live 
on  the  roots  of  graminaceous  plants,  for  if  this  could  be 
done  a great  saving  in  artificial  manures  could  be  effected. 

Argon.  Kri/plon.  Neon. 

It  has  long  been  known  that  when  nitrogen  is  prepared 
from  atmospheric  air,  the  gas  obtained  is  slightly  heavier 
than  nitrogen  prepared  from  nitrates  or  from  ammonia.  The 
investigations  of  Rayleigh  and  Ramsay  have  proved  that  this 
is  due  to  the  presence  of  another  gas,  heavier  than  nitrogen, 
to  which,  on  account  of  its  apparent  chemical  inactivity,  they 
gave  the  name  argon  (a,  without,  epyov,  ergon,  work).  Its 
density  is  about  19.  It  is  present  in  atmospheric  air  to  the 
extent  of  nearly  1 per  cent.  Recently  a compound  of  argon 
with  carbon  has  been  obtained  by  the  passage  of  electricity 
between  thin  carbon  poles  in  an  atmosphere  of  argon  ; and 
experiments  show  that  it  probably  combines  with  the  vapour 
of  magnesium  at  a very  high  temperature.  Argon  and  helium 
occur  with  nitrogen  in  the  gases  of  many  naturally  aerated 
waters. 

Ramsay  obtained  another  element  from  atmospheric  air, 
to  which  he  gave  the  name  Krijpton  (KpeTTTos,  kryplos,  hidden)  ; 
traces  only  are  j)resent.  Ramsay  and  Travers  subsequently 
announced  the  presence  of  another  element.  Neon  (reo5,  wmv, 
new),  and  Ramsay  Xenon. 

CHLORINE 

Souree. — 'I’he  chief  source  of  this  element  is  common  salt, 
more  than  half  of  which  is  chlorine. 

Preparation. — About  a quarter  of  an  ounce  each  of  salt 
and  of  black  manganese  oxide  are  mixed,  placed  in  a test-tube, 
and  covered  with  water;  on  adding  a small  quantity  of  sul- 
phuric acid,  evolution  of  cldorine  commences.  I'or  the  mode 
of  collection  see  the  following  ])aragraphs. 
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Anolhcr  procexs. — As  tlie  action  of  tlie  sulpluiric  acid  on 
tlic  salt  in  the  above  jiroccss  is  mainl}'  to  fvivc  hydrochloric 
acid,  tlu“  latter  acid  (about  4 parts)  and  the  black  manganese 
oxide  (about  1 part)  may  be  used  in  making  chlorine,  instead 
of  salt,  sulphuric  acid,  and  black  manganese  oxide. 


(’ol lection  mid  Properties'. — Free  chlorine  is  a suffocating 
gas.  Care  therefore  must  be  observed  in  experimenting  with 
this  element.  As  .soon  as  its  penetrating  odour  indicates  that 
it  is  csc.aping  from  the  test-tube,  the  cork  and  delivery-tube 
(similar  to  that  used  in  making  oxygen)  should  be  fitted  on, 
.and  the  gas  led  to  the  bottom  of  another  test-tube  contain- 
ing wat(‘r  (fig.  10).  \^'hen  thirty  or  forty  small  bubbles  have 


Kifis.  10  iiml  11.— rrepanition  of  Cliloriiif'. 


passed,  their  evolution  being  assisted  by  slightly  heating  the 
generating  tube,  the  latter  should  be  removed  to  the  cu])- 
board  usually  provided  in  laboratories  for  performing  opera- 
tions with  noxious  gases,  or  be  dismounted  and  the  contents 
carefully  and  rapidly  washed  away.  The  water  in  the 
collecting-tube  will  now  be  found  to  smell  of  the  gas,  chlorine 
being  soluble  in  about  half  its  bulk  of  water.  Chlorine  water 
is  official  in  the  British  Pharmacopana  as  "Solution  of  Chlorine.” 

Larger  (pianlitie-v  may  be  made  from  hydrochloric  acid 
and  black  manganese  oxide  (4  to  1)  in  a flask  fitted  with  a 
delivery-tube,  the  flask  being  supported  over  a flame  by 
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the  rin_<^  of  ;i  retort-stand  11).  A pieee  of  eardhoard 

on  tlie  iieek  of  tlie  eolleetinf>--l)ol tie,  as  indieated  in  the 

tio-ure,  retards  diffusion  of  ehlorine  from  tlie  bottle  durino- 
^ » 1 • * 
the  jiroeess  ol  colleetion. 

Me///. — Flasks  and  similar  o-lass  vessels  arc  less  liable  to 
fracture  if  protected  from  the  direct  action  of  the  flame  by 
being  placed  on  a piece  of  wire  gauze  about  6 inches  square, 
or  on  a .saiid-balfi,  that  is,  a saucer-shaped  tray  of  sheet  iron 
on  which  a t/iiii  layer  of  sand  is  placed. 

During  these  manipulations  the  operator  will  have  noticed 
that  ehlorine  is  of  a light  yellowish-green  colour.  The  tint 
is  observable  when  the  gas  is  collected  in  large  vessels.  As 
ehlorine  is  soluble  in  water  (2.1  vols.  in  1 vol.  at  G0°  F., 
1.0'.5°C.),  it  cannot  be  economically  stored  over  that  liquid. 
Being,  however,  nearly  two  and  a half  times  as  heavy  as  air, 
the  gas  may  be  collected  by  simply  allowing  the  delivery- 
tube  to  pass  to  the  bottom  of  a dry  test-tube  or  dry  bottle 
(fig.  11). 

An  important  property  of  free  chlorine  is  its  bleaching- 
power.  Prepare  a coloured  infusion  by  placing  a few  chips 
of  logwood  in  a test-tube  half  full  of  hot  water.  Pour  off 
some  of  this  red  infusion  into  another  tube  and  add  a few 
drops  of  chlorine-water ; the  red  colour  is  rapidly  destroyed. 

P'ree  chlorine  readily  decomposes  offensive  effluvia;  it  is 
one  of  the  most  jjowerful  of  deodorizers.  It  also  decomposes 
])utrid  and  infectious  matter;  it  is  one  of  the  best  of 
f’eclanls.  (/l/ilise])lics  are  substances  which  prercul  putre- 
faction.) 

('omt)i//ali(//i  of  Ihjd/oge/i  irilh  Chlorine,  forming  Ifijdro- 
ch/oric  Acid. — If  an  opportunity  occurs  of  generating  chlorine 
in  a closed  chamber  or  in  the  open  air,  a test-tube,  of  the 
same  size  as  one  of  those  in  which  hydrogen  has  been  retained 
from  a previous  operation,  is  filled  with  the  gas.  'Phe 
hydrogen-tube  is  then  inverted  over  that  containing  the 
chlorine,  the  mouths  being  kept  together  by  encircling  tliem 
with  a finger.  After  the  gases  have  mjxed,  the  mouths  of 
the  tubes  are  (piiekly  brought  into  contact  with  a Hame, 
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M’hen  explosion  occurs  and  fumes  of  a compound  of  liydro- 
chloric  acid  gas  witli  the  moisture  of  tlie  air  are  formed. 
Tlie  Hj’^drochloric  Acid  of  pliarmacy  {Acidinn  lli/dwc/iloriciim, 
B.P.)  is  a .solution  of  this  gas  (made  in  a more  economical 
way)  in  water. 

The  foregoing  experiment  affords  evidence  of  the  i^ower- 
ful  aflinity  of  chlorine  and  hydrogen  for  each  other. 
Chlorine  dissolved  in  water  will,  in  sunlight,  slowly  remove 
hydrogen  from  some  of  the  water  and  liberate  oxygen. 
'I'he  l)leaching-))ower  of  chlorine  is  generally  referred  to 
this  indirect  oxidizing  effect  which  it  produces  in  presence 
of  water  ; for  dry  chlorine  does  not  bleach. 

Dai.sihj. — Chlorine  is  more  than  35  times  as  heavy  as 
hydrogen.  A wine-bottle  would  hold  about  35  grains. 

SULPHUR,  CARBON,  IODINE 

'I'he  phj/xicdl  pruj)ciiies  (colour,  hardness,  weight,  etc.) 
possessed  by  these  elements,  when  they  are  in  the  free  state, 
are  probably  familiar  to  the  student.  Some  of  their  leading 
chemical  characters  will  also  be  understood  when  a few  facts 
concerning  each  arc  made  the  subject  of  experiment. 

SuuMiuu. — Burn  a small  jhece  of  sulphur;  a penetrating- 
odour  is  produccal,  due  to  the  formation  of  a colourless  gas. 
'I'his  product  is  a chemical  compound  formed  by  the  union  of 
the  oxygen  of  the  air  with  the  sulphur.  It  is  termed 
sulphurous  anhydride  (or  sulphurous  acid  gas). 

Carbon  in  a more  or  less  jmre  condition,  is  familiar,  in 
the  free  form,  as  soot,  coke,  charcoal,  grajihite  (or  plumbago, 
popularly  termed  blacklead),  and  diamond.  The  presence 
f)f  combined  carbon,  in  wood  and  in  other  vegetable  and 
animal  matter,  is  at  once  rendered  evident  by  heat.  Place  a 
little  tartaric  acid  on  the  end  of  a knife  in  a flame ; the 
blackening  that  occurs  is  due  to  tlie  separation  of  carbon, 
d'he  black  matter  at  the  extremity  of  a ))iccc  of  half-burned 
>vood  also  is  free  carbon, 
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Carbon,  like  hj'clrogeii,  phospliorus,  and  sulphur,  has  a 
great  attinity  for  oxygen  at  high  temperatures.  A striking 
evidence  of  that  affinity  is  tlie  evolution,  during  its  com- 
hustion,  of  sutlicieiit  heat  to  make  the  materials  concerned 
red-  or  even  white-hot.  When  ignited  in  the  diluted  oxygen 
of  the  air,  carbon  simply  burns  with  a moderate  glow,  as 
seen  in  an  ordinary  coke  or  charcoal  fire  ; hut  when  ignited 
in  pure  oxygen,  the  intensity  of  its  combustion  is  greatly 
exalted.  1 he  product  of  the  combination  of  the  two 
elements,  if  the  oxygen  he  in  excess,  is  an  invisible  gas 
termed  carbonic  anhydride  (or  carbonic  acid  gas) ; if  the 
carbon  be  in  excess  and  the  temperature  very  high,  another 
invisible  ga.s,  termed  carbonic  oxide,  results. 

Iodine. — prominent  chemical  characteristic  of  free 
iodine  is  its  great  affinity  for  metals.  Place  a piece  of 
iodine,  about  the  size  of  a pea,  in  a test-tube  with  a small 
quantity  of  water  and  add  a few  iron  filings  or  small  nails. 
On  gently  warming  this  mechanical  mixture,  or  even  shaking, 
if  longer  time  be  allowed,  the  colour  and  odour  of  the 
iodine  disappear  ; it  has  chemically  combined  with  the  iron — 
a chemical  compound  has  been  produced.  If  the  liquid  be 
filtered,  a clear  aqueous  solution  of  the  compound  of  the 
two  elements  is  obtained. 

This  compound  is  an  iodide  of  iron.  Its  solution,  made 
as  above,  and  mixed  with  sugar,  forms,  when  of  a certain 
strength,  the  ordinary  Syrup  of  Ferrous  Iodide  of  pharmacy 
{Syrupns  Ferri  lodidi,  B.P.).  The  solid  iodide  is  obtained 
on  removing  the  water  of  the  above  solution  by  evapora- 
tion. 

Sulphur  and  Iron,  also,  when  very  strongly  heated,  chemi- 
cally combine  to  form  a substance  which  has  none  of  the 
properties  of  a mixture  of  sulphur  and  iron — that  is,  has 
none  of  the  characters  of  sulphur  and  none  of  iron,  but 
new  jiroperties  altogether.  The  product  is  termed  Ferrous 
Sulphide.  Its  manufacture  and  uses  will  be  alluded  to  in 
treating  of  the  compounds  of  iron  ; it  is  mentioned  here  as  a 
simple  Init  striking  illustration  of  the  difference  between  a 
chemical  compound  and  a mechanic(d  mixture. 
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'rilK  KLK^UKN'I'S 

I'rnni  the  f()ref>’()iiig  slati'inonts  a ifencral  idea  will  have 
been  obtained  ol'  tbe  nature  of  several  of  tbe  more  frecjuently 
oceurring  elements.  Some  additional  faets  eoiicerning  tbem 
may  be  gathered  from  tbe  following  Table,  wbieb  gives  tbe 
origin  of  tbe  names  of  a number  of  tbe  elements  : — 


Aluminium 


[Ammonium] 


Antimony  . . 

(Stibium) 


Argon  .... 
Arsenium,  Arseni- 
cum, or  Arsenic 

Barium  . . . 


Bismuth 


Boron 

Bromine 

Cadmium 


Calcium 
Carbon  . 
Cerium . 


Tlic  metallic  basis  of  alum  was  at  first  confounded 
with  that  of  iron  sidphate,  which  was  the  alum 
of  the  Homans,  and  was  so  called  in  allusion  to 
its  tonic  pro])erties,  from  alo,  J nourinli. 

This  body  is  not  an  element ; but  its  components 
exist  in  all  ammoniacal  salts,  and  apparently 
))lay  the  part  of  such  elements  as  potassium 
and  sodium.  Sal  ammoniac  (ammonium  chlo- 
ride) was  fir.st  obtained  from  near  the  temple  of 
.Jupiter  Ammon  in  Libya;  hence  the  name. 

-rtfii  (stibi),  or  a-ri/xfu  (stimmi),  was  the  Greek 
name  for  the  native  antimony  sulphide.  The 
word  unlimony  is  said  to  be  derived  from  avrl 
(anti)  (u/aintit,  and  molne,  ]<’rench  for  monk, 
from  the  fact  that  certain  monks  were  poisoned 
by  it. 

h'rom  a,  without ; ipyov  (ergon),  work. 

' \pcrevLK6u  (arsenikon),  tlie  Greek  name  for  orpi- 
ment,  an  arsenium  snl])hide.  Common  white 
(imenic  is  arsenium  oxide. 

From  )Sa/ji>s  (barns)  heavy,  in  allusion  to  the  high 
specific  gravity  of  “ heavy  sp.ar,”  the  most 
common  of  the  barium  minerals. 

Slightly  altered  from  the  German  Wismuth,  de- 
rived from  WieHenialle,  “a  beautiful  meadow,” 
a name  given  to  it  originally  by  the  old  miners 
in  allusion  to  the  jH-ettily  variegated  tints  pre- 
sented by  the  freshly  exjmsed  surface  of  this 
crystalline  metal. 

From  txmik  or  haurak,  the  Ar.'ibic  name  of  borax, 
the  snb.stance  from  which  the  element  was  first 
obtained. 

From  fipwpLos  (bromos),  a xtink.  It  has  an  intoler- 
able odour. 

Kao^da  (kadmeia)  was  the  ancient  name  of  cala- 
mine (zinc  carbonate),  with  which  cadmium 
carbonate  was  long  confounded,  the  two  often 
occurring  together. 

Calx,  lime,  calcium  oxide. 

From  carbo,  coal,  which  is  chiefly  carbon. 

Discovered  in  1803,  and  n.amed  after  the  planet 
Ceres,  which  was  discovered  on  .Jam  1,  1801. 
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Chlorine 
Chromium 
Cobalt  .... 

I Copper  (Cuprum) 

[ Fluorine  . 

Gold  (Aurum)  . 

Hydrogen . . . 

Iodine  .... 
Iron  (Perrum)  . 

Lead  (Plumbum) 
Lithium  . . . 

Magnesium  . 

Manganese  . . 

Mercury  . . 

(Hydrargyrum) 

Nickel  .... 


From  (cliloros)  yrmn,  the  colour  of  this 

element. 

From  XP^P-°-  (chroma)  colour,  in  allusion  to  the 
characteristic  appearance  of  its  salts. 

Cohalns,  or  Kohold,  was  the  name  of  a demon 
supposed  to  inhabit  the  mines  of  Germany. 
The  ores  of  c^obalt  were  formerly  troublesome 
to  the  German  miners,  and  hence  received  the 
name  their  metallic  radical  now  bears. 

From  Ci/prus,  the  name  of  the  Mediterranean 
island  where  this  metal  was  first  worked. 

From  I flow.  Calcium  fluoride,  its  source,  is 
commonly  used  as  a flux  in  metallurgic  opera- 
tions. 

ylnnim  (Latin)  from  a tiebrew  word  signifying 
the  colour  of  fire. 

(/old;  a similar  word  is  expressive  of  hri</ht  yellow 
in  several  old  languages. 

From  C5wp  (hudor)  water,  and  yevea-n  (genesis), 
(leneration,  in  allusion  to  the  product  of  its 
combustion  in  air. 

From  Lov  (ion)  a violet,  and  elSos  (eidos)  likeness,  in 
reference  to  the  colour  of  its  vapour. 

Prehi-storic.  The  spelling  may  be  from  the  Saxon 
ir«n,  the  pronunciation  from  the  Gothic  “ 

The  derivation  is  perhaps  Aryan  ; it  probably 
originally  meant  metal. 

The  Latin  expresses  “something  heavy  .the 
Saxon  Iwd  has  a similar  signification. 

From  XideLos  (litheios)  stony,  in  allusion  to  its  sup- 
posed existence  in  the  mineral  kingdom  only. 

From  Maynesia,  the  name  of  the  town  (in  Asia 
.Minor)  near  which  the  substance  now  called 
“native  magnesium  carbonate”  was  first 
discovered. 

Probably  the  slightly  altered  word  maynesia,  with 
who.se  comi)ounds  those  of  manganese  were 
confounded  till  1740. 

Jlydraryyrurn,  from  \iowp  (hudor)  water,  and 
Apyupos  (arguros)  silver,  in  allusion  to  its  liquid 
and  lustrous  characters.  Mercury,  after  the 
messenger  of  the  gods,  on  account  of  its  sus- 
ceptibility of  motion.  The  old  name  (jiiicksilver 
also  indicates  its  ready  mobility  and  silvery 
appearance. 

Nickel,  from  nil,  worthle.ss.  Nickel  ore  was  for- 
merly ciMcd  JiUji/ernickel,  fal.se  copper.  When 
a new  element  was  found  in  the  ore,  the  name 
nickel  was  retained  for  it. 

From  vlrpov  (nitron)  and  y/veens  (genesis)  yeneru- 
lion,  i.e.,  yeneralor  of  nitre. 


Nitrogen  . 
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Oxygen  . . . 

Phosphorus  . . 

Platinum  . . . 


Potassium . . 

(Kalium) 


Silicon  . . . 

Silver  . . 

(Argentum) 


Sodium  (Natrium) 


Strontium . . . 


Sulphur  . . 


Tin  (Stannum)  . 


Zinc 


From  dfi'is  (oxfis)  ncid,  and  yiveaii  (genesis) 

/i(»i,  i.e..,  g-enerator  of  acids.  When  first  dis- 
covered it  was  supposed  to  enter  into  the  com- 
jjosition  of  all  acids. 

•I'tSs  (phos)  li(/h/;  and  (jdpeip  (plierein)  to  bear.  Tlie 
light  it  emits  may  be  seen  on  e.xposing  it  in  a 
dark  room. 

From  plathia  (Spanish),  diminutive  of  plain,  silver. 
It  somewhat  resembles  silver,  but  is  less  white 
and  lustrous. 

h'aliuin  from  kali,  Arabic  for  ashes  (see  Sodium). 
Manufactories  in  which  compounds  of  potassium 
and  allied  sodium  salts  are  made,  are  called 
alknli-wovks  to  this  day.  Potassium,  from  pot- 
ash. Potash  so  called  because  obtained  by 
evaporating  the  lixivium  of  wood-ashes  in  pots. 

From  sile.v,  Latin  for  flint,  which  is  nearly  all 
silica  (silicon  oxide). 

Wpyvpos  (arguros)  silver,  from  dpybi  (argos)  vdiite. 
Words  resembling  the  term  silver  occur  in 
several  languages,  and  indicate  a white  appear- 
ance. 

Natrium,  from  natron,  the  old  name  for  certain 
natural  deposits  of  sodium  carbonate.  Sodium, 
from  .soda,  the  name  originally  given  to  the 
residue  of  the  combustion  of  marine  plants. 
Soda  ashes  were  chemically  distinguished  from 
pot-ashes  by  Duharnel  in  I73(i.  Previously  both 
were  simply  kali  or  ashes  from  two  different 
sources.  Sir  Humphry  Davy  first  isolated  the 
two  metals,  in  1807. 

'This  name  is  commemorative  of  Strontian,  a 
mining-village  in  Argyleshire,  Scotland,  in  the 
neighbourhood  of  which  the  mineral  known  as 
strontianile,  or  strontium  c-arbonate,  was  first 
found. 

From  sal,  a .salt,  ivnd  irdp  {\)\\\')fire,  indicating  its 
(combustible  qualities.  Its  common  name,  brim- 
stone, has  the  same  meaning,  being  the  slightly 
altered  Saxon  word,  brijnstone,  i.e.,  burn.stone. 

Both  words  are  possibly  corruptions  of  the  old 
British  word  staen,  or  the  Saxon  word  stan,  a 
stone.  Tin  was  fir.st  discovered  in  Cornwall, 
and  the  ore  (an  oxide)  is  called  tinstone  to  the 
present  day. 

From  Ger.  Zinn,  tin,  with  which  Zinc  seems  at 
first  to  have  been  confounded. 


QUESTIONS  AND  EXERCISES 

Di.stinguish  between  the  art  and  the  seienee  of  chemistry. — Of  Imw 
lany  elements  is  terrestrial  matter  composed? — Enumerate  the  chief 
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non-inetallic  elements. — Deseribe  a process  for  the  preparation  of 
ox}‘gen. — How  are  gases  usually  stored? — Mention  the  chief  proper- 
ties of  oxygen. — What  is  the  source  of  animal  warmth? — State  the 
proportion  of  oxygen  in  air. — Is  the  proportion  constant,  and  why? — 
Dive  a method  for  the  elimination  of  hydrogen  from  water. — State  the 
[>roperties  of  hydrogen. — Why  is  a mixture  of  hydrogen  and  air 
■-.■xplosive  ? — Explain  the  effects  producible  by  the  ignition  of  large 
:piantities  of  coal-gas  and  air. — What  is  the  nature  of  combustion? — 
l)efine  a romlnuitihle  and  a suin>orler  of  cotnhmliun. — Describe  the 
structure  of  flame. — State  the  principle  of  the  Davy  safety-lamp. — 
iln  what  proportion  is  hydrogen  lighter  than  o.xygen  ? — What  do  you 
mean  by  diffusion  of  gases? — State  Graham’s  law  concerning  diffu- 
sion.— \ame  the  source  of  phosphorus,  and  give  its  characters. — Why 
does  phosphorus  burn  in  air  ? — What  gas  remains  when  ignited  phos- 
phorus has  removed  all  the  oxygen  from  a confined  portion  of  air  ? — 
^lention  the  properties  of  nitrogen. — What  office  is  fulfilled  by  the 
nitrogen  of  the  air? — State  the  proportions  of  the  chief  constituents  of 
Eiir? — Mention  the  minor  or  occasional  constituents  of  air. — What  is 
the  proportion  by  weight  of  nitrogen  to  oxygen  in  the  atmosphere?— 
<3ive  the  specific  gravity  of  nitrogen. — How  is  chlorine  prepared? — 
Enumerate  the  properties  of  chlorine. — Define  the  terms  deodorizer  and 
tlisinfectant. — Explain  the  bleaching  effect  of  chlorine. — What  propor- 
tion of  hydrogen  to  chlorine  is  necessary  for  the  formation  of  hydro- 
<-hloric  acid  gas? — State  the  prominent  chemical  and  physical  charac- 
ters of  sulphur. — .State  those  of  carbon. — State  those  of  iodine. — Give 
the  derivations  of  the  names  of  some  of  the  elements. 


NFMERICAL  AM)  PHVSICxVL  MATTERS  OF 
SPECIAL  IMPORTANCE  IN  ELEMENTARY 
CHEMISTRY 


The  Metric  System  of  Weights  and  Measures  (tlic 
word  mclric  is  from  the  Greek  jUTpov,  vidruu,  measure)  wliicli 
is  now  in  common  use  in  most  of  tlie  countries  of  Europe  and 
elsewhere,  presents  several  advantages  over  the  British  Im- 
perial system.  1 he  two  cliief  advantages  of  tlie  metric  system 
are,  that  certain  of  the  units  are  related  to  one  another  in 
an  exceedingly  simple  and  practical  manner ; and  that  the 
sy.stem  is  a decimal  one  throughout,  and  is  thus  in  complete 
harmony  with  the  universal  mode  of  counting. 

1 he  .system  of  weights  and  measures  legalised  by  llu' 
Y eights  and  Measures  (Metric  System)  Act,  181)7,  for 
ernj)lf)yment  in  this  country  for  all  purposes,  is  founded  on 
the  metre.  I'ig.  12  rej)resents  a pocket  folding  measure  Ihe 
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tenth  part  of  a metre  in  length,  divided  into  10  centimetres, 
and  each  centimetre  into  10  millimetres. 

The  units  of  the  system,  with  their  multiples  and  sub- 
multiples,  are  as  follows  : — 

Length. — 'I’he  Vnit  of  Length  is  the  Mktuk,  derived  from 
the  measurement  of  the  Quadrant  of  a Meridian  of  the  Earth. 
(Practically  it  is  tlie  lengtli  of  certain  carefully  preserved  bars 
of  metal,  from  which  copies  have  been  taken.) 

Stir f (tee. — VUq.  Unit  of  Surface  is  the  Are,  which  is  the 
scjuare  of  Pen  Metres. 

011iliMn]Ti  I iTin  n:i  1 1 1 n i ri  1 1 1 ij  i iJjiiruiiiiTiiawmiiTi  n 1 1 i:i  1 1 Tiiiiixiyniipi  1 1 niii 

L ll '1 13  It  ~ (o^  ^ ^ |!> 

Fio.  12.— Tlio  Dccimclro. 


('nhic  Mea.\iire. — The  Unit  of  ('nhic  Dlea.mre  is  tlie  Cuuic 
Decimetre,  wliicli  is  tlie  Cube  of  the  Tenth  part  of  a Metre. 

Capaciti/.  --'L'hc  Unit  of  Capacittj  is  the  Litre.  It  was 
originall}'’  intended  that  the  Litre  should  be  exactly  one 
Cubic  Decimetre,  but  tlie  Standard  Litre  although  veiy 
nearly  in  conformity  with  this  intention  is  not  absolutely 
so.  (I  Litre  = l.OOOK)  Cubic  Decimetre.) 

As  (IcTincd  in  tlie  Schedule  to  an  Order  in  Council  of  lOlli 
May  1898:— 

“The  Lithe  is  represented  by  the  capacity  at  0°  Centigrade  of  the 
cylindrical  brass  measure  marked  ‘Litre,  1897’  (which  is  deposited 
with  the  Hoard  of  Trade),  and  h.aving  a diameter  equal  to  one-half  its 
height.  This  lyitre  at  0“  Centigrade  when  full  contains  one  Kilogram 
of  distilled  water  at  the  temperature  of  4°  Centigrade,  under  an 
atmospheric  pressure  equal  to  that  represented  by  a column  of  mercury 
7(i0  Millimetres  high  at  0“  Centigrade,  at  sea  level,  and  at  latitude  4.’)“  ; 
the  weighing  being  made  in  air,  but  reduced  by  calculation  to  a. 
vacuum.  It  is  the  only  unit  of  metric  measure  of  capacity  from  which 
all  other  metric  measures  of  capacity,  as  well  for  liquids  as  for  dry 
goods,  shall  be  ascertained.” 

3/r/.v.v. — 'The  Unit  of  Ma.ss  is  the  Gramme,*  wliich  is  the 
mass  of  tliat  cpiantity  of  distilled  Avater,  at  its  maximum 
density  jioint  (4°  C.)  Avhieli  occupies  the  space  of  tlie  one- 
thousandth  part  of  a Litre  (1  Millilitre). 

* The  word  (jramme  is  somclimes,  unfortunalcly,  written  pram, 
which  for  use  in  Britain,  India,  and  the  Colonics,  too  closely  resembles 
the  word  t/rain. 
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Table. 


—Multiples  are  denoted  by  the  Greek  words  "Deka,”  Ten, 
“ Hecto,”  Hundred,  “ Kilo,”  Thousand. 

Subdivisions  by  the  Latin  words,  “ Deci,”  One-tenth, 
“ Centi,”  One-hundredth,  “ Milli,”  One-thousandth. 


aaiililies. 

ooo 

100 

10 

1 (Units) 
1 

01 

001 


LiiiiiiJlh. 

Kilo-metre 

Hecto-metre 

Deea-metre 

METRE 

Deei-metre 

Centi-metre 

iMilli-metre 


Surfaco. 

Hectare 

ARE 

Centiare 


Capacity. 

Kilo-litre 

Hecto-litre 

Deca-litre 

LITRE 

Deci-litre 

Centi-litre 

Milli-litre 


Weight. 

Kilo-gramme 

H ecto-gram  m e 

Deca-gramme 

GRAMME 

Deci-gramme 

Centi-gramrne 

Milli-gramme 


When  the  Metric  method  i.s  exclusively  adojTed  in  Great 
Britain,  these  Units  and  Table,  comprising  the  entire  System 
f Weights  and  Measures,  represent  all  that  will  be  essential 
«)  be  learnt  in  lieu  of  the  numerous  and  complicated  Tables 
p itherto  in  use.  Adopting  the  style  of  elementary  books  on 
I rithraetic,  the  table  may  be  expanded  thus  : — 

10  milligrammes  make  1 centigramme;  10  centigrammes 
ciake  1 decigramme;  10  decigrammes  make  1 gramme;  10 
grammes  make  1 decagramme,  or  dekagramme ; 10  deca- 
j;rammes  make  1 hectogramme  ; 10  hectogrammes  make  1 
-ilogramme  ; 10  millilitres  make  1 centilitre,  etc.;  10  milli- 
metres make  1 centimetre,  etc. 

Ahhrevialions. — Metre  = vi ; decimetre  - dm  ; centimetre 
HI : millimetre  = ; kilometre  = /•?//.  Scpiare  metre  = ?a-; 

p ubic  metre  = and  so  on.  Litre  = /;  decilitre  dt,  etc. 
'silogramme  = /i-«- ; dekagramme  = ; gramme  = g;  deci- 

gramme =r/g;  centigramme  = eg;  and  milligramme  = v//g. 

The  following  aj)proximate  Hritish  ecpiivalents  of  metrical 
*nits  should  be  committed  to  memory  : — 

1 Metre  =3  feet  3 inches  and  3 cighllis. 

1 Are  =a  .square  whose  side  is  11  yards. 

1 Litre  =1^  pint. 

1 Gramme  =1.5^  grains. 

The  Kilometre  i.s  equal  to  1100  yards. 

The  Hccbire  = 2l  acres  nearly. 

The  Metrie  Ton  of  1000  Kilogrammes  = 19  cwt.  '1  qrs.  30  lbs.  10  oz. 

The  Kilogramme  = 2 lbs.  3.1  oz.  nearly. 

A litre  of  water  at  TIM-.  (:M)“C.)  weighs  1.5,I32  grains; 
H 50’ K.  (10' C.),  I.5,12!J  grains;  at  tiO’ F.  (I5-5“C.),  it 
weighs  1.5,lbs  grains;  at  70’ F.  (2LrC.),  15,10;i  grains; 
and  at  «0’  F.  (’.),  15,38:5  grains  (Pile). 


32 


NUMERICAL  AND  I’llYSICAL  MATTERS 


Decimal  Coinage. — In  most  countries  where  the  metric 
system  of  weights  and  measures  is  employed,  a decimal 
coinage  is  also  adopted.  This,  conjoined  with  the  ordinary 
decimal  method  of  enumerating,  which  fortunately  is  in 
univei'sal  use,  sim})li(ies  calculations  of  all  kinds. 


'I'he  (ieiieral  (’ouncil,  under  whose  authority  the  British 
I’harmacojja'ia  is  issued,  encourages  medical  practitioners  and 
pharmacists  in  the  adoption  of  the  metric  system,  and  gives 
the  annexed  statement  of  metric  weiglits  and  measures. 


WEIGHTS  AM) 


MEASURES  OF  THE  METRIC 
SYSTEM 


wiauiiTs. 

1 Millif?raiinuc  = llic  tlionsanclth  part  of  one  grin,  or  0 001  grin. 


1 Ccntigraninic  =tlie  Inindrecltli  ,,  O’Ol  ,, 

1 Dccigraiinnc  =tlie  tenth  ,,  OT  ,, 

] Grainnie  =weiglit  of  one  niillimetre  of  dis- 
tilled water  at  -1°  C.  (09  2''  F. ) 

1 Dekagraninie  = ten  grammes  10  0 ,, 

1 Hectogramme  = one  liundred  grammes  100  0 ,, 

1 Kilogramme  = one  thousand  grammes  1000  0 (1  kilo.). 


.MIOASlIllKS  or  CAI’ACITV. 

1 Millilitre  =lhe  volume  at  4“  C.  of  1 gramme  of  water. 

1 Centilitre  = ,,  ,,  10  ,, 

1 Decilitre  = ,,  ,,  100  ,,  ,, 

1 Litre  = ,,  „ 1000  „ (1  kilog.). 


.MKASUilKS  Ol'  J.KNO'ril. 

1 Millimetre  =tlie  thousandth  part  of  one  metre  or  O'OOl  metre. 
1 Centimetre  = the  hundredth  ,,  ,,  O'Ol  ,, 

1 Decimetre  =the  tenth  ,,  i,  O'l  ,, 

1 Metre  = I’O  ,, 


WEIGHTS  AND  MEASURES  OF  THE  IMPERIAL 

SYSTEM 


wKion  IS. 


gr. 

()/,. 

lb.  = 


1 Grain 
1 Ounce 
1 Pound 


10  ounces 


437 '.0  grains. 
7000-0  „ 


TK.Ml'KIiATIJJiK 


MKAsriiKs  oi'  I'Ai’.urrv. 


1 Minim  min. 

1 Fluid  Drachm  ft.  drm. 

1 Fluid  Ounce  fl.  oz. 

1 Pint  O. 

1 Gallon  C. 


liO  minini.s. 

8 fluid  drachms. 
‘iO  fluid  ounces. 

S pints. 


•Mi;.\si  iii;s  oi'  i.KNo'iii. 


1 Inch  in. 

1 Foot  ft.  = I'i  inches. 

1 Yard  yd.  = oti  ,, 


ItEI.A'IION  or  VOI.r.MI'.  I'O  MASS. 


1 Minim  is  the  volume  at  ti'2°  !■'.  of 
1 Fluid  Drachm 

1 Fluid  Ounce  ,,  1 ounce,  or 

1 Pint  ..  1'25  ))ounds,  or 

1 Gallon  ..  10  pounds,  or 


O'Oll  laSll  grain  of  water. 
54-t)S7r)  grains  of  water. 
4:S7-.7 
87.50-0 
70000-0 


100-71  h!  minims  = lhc  volume  at  0-2°  F.  of  100 


QL'F.STIONS  AN14  EXF.KCIHKS 

Mention  some  advantages  of  the  metric-  (decimal)  system  of  weights 
and  measures. — What  is  the  chief  unit  of  the  metric  system  ? — Mention 
the  names  of  the  metric  units  of  surfac-e,  capacity,  and  mass,  and 
state  how  they  arc  derived  from  the  unit  of  length.  - How  are  multiples 
of  metric  units  indicated  — State  the  designations  of  submultiples  of 
metric  units. — How  many  metres  are  there  in  a kilometre? — How 
many  millimetres  in  a metre  ? — How  many  grammes  in  5 kilogrammes  ? 
— How  many  milligrammes  in  13^  grammes? — In  1898  centigrammes 
how  many  grammes ? — In  a metre  measure  .5  centimetres  wide  and  1 
(-entimetre  thick,  how  many  cubic  centimetres? — How  many  litres  are 
contained  in  a cubic  metre  of  any  liquid  ?— State  the  British  equivalent 
of  the  metre. — How  many  square  yards  in  an  are? — How  many  fluid 
ounces  in  a litre? — How  many  ounces  in  a kilogramme? — Give  the 
relation  of  a metric  ton  (1000  kilos.)  to  a British  ton. — How  many 
grains  are  there  in  1 British  ton  ? — How  many  ounces  in  1 ton  ? — How 
many  grains  of  water  in  1 fluid  drachm?— How  many  minims  in  1 
l>int? — How  many  grains  in  1 pint  of  water? 


Measurement  of  Temperature.  Fahrenheit  and 
Centigrade  Thermometer  Scales  (fig.  1.‘5). — ^'riu-  im-asure- 
iTient  of  temperature  is  carried  out  1)\-  aid  of  Ihe  lltcnmmvlcr* 

* From  OipixT],  llierinn,  heat,  and  ixirpov,  m«/r(jn,  measure. 
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l•’ah^'nlll‘it.  Contigrado. 


tlie  construction  of  wliich  is  described  in  tlie  Section  on 
(Quantitative  Measurements.  The  thermometers  employed 
in  Britain  are  jiractieall}^  always  graduated  in  aecordance 
with  eitlier  the  Fahrenheit  or  the  Centigrade  scale.  On  the 
Centigrade  (C.)  scale  the  freezing-point 
of  Avater  is  marked  zero,  and  the 
boiling-point  100;  on  the  Fahrenheit 
(F.)  scale  the  zero  is  placed  32  degrees 
below  the  freezing-point  of  water,  and 
the  boiling-point  is  212.  Conversions 
of  expressions  of  temperatures  in  de- 
grees F.  into  the  corresponding  ex- 
pressions in  degrees  C.,  and  conversions 
in  the  reverse  direction,  can  be  made 
applying  the  following  rule's; — 

1.  F.  to  C.  Subtract  32,  multij)!)^ 
the  remainder  by  b,  divide  the 
product  by  9. 

K,v(inij)le  : — 08°  F.  Find 


eip. 


100 


0- 


by 


I 


the 


cor- 


resjionding  ° C. 


13. 

TliitniKaiii'li'ic  Snilrs 


08-32  = 30;  30x5  = 180;  180^9  = 20. 
08°  F.  corresponds  to  20°  C. 

2.  C.  to  F.  Multiply  by  9,  divide 
the  product  by  5,  add  32. 

Example  : — 52°  C.  Find  the  corresponding  ° F. 

52  x 9 = 408;  408^5  = 93-0;  93-0 -i- 32  = 125-0. 


52°  C.  corresjionds  to  125-0°  F. 

The  following  is  an  easily  remembered  rule  for  con- 
verting from  ° C.  to  ° F.  : — 

Double  the  number  of  degrees  C.,  subtract  from  the 
result  its  tenth  part,  add  32. 

Thus,  a])plying  the  rule  to  the  examjile  immediately 
preceding  : 

52  x 2 = 104;  104-  10-4  = 93-0;  93-0  + 32  = 125-0. 
52°  C.  corresponds,  as  above,  to  125  0°  F. 

Care  must  be  taken  in  dealing  with  ex[)ressions  of 
temperature  having  tlie  - sign  ; that  is,  with  expressions 
representing  temperatures  below  the  zero  |)oints  of  the 
resjiective  scales. 

Example : - 4°  F.  Find  the  corresponding  ° C. 

_4_  32=-  30;  -30  x 5= - 180;  - 180  + 9=  -20. 

- 4°  F.  corresponds  to  - 20°  C. 


ATMOSPHERIC  IMIESSURE 


I'- 

’29| 

I 

It 


f 


Measurement  of  Atmospheric  Pressure.  The 
Barometer. — The  analysis  of  gases  and  vapours  involves 
determinations  of  the  varying  pressure  of  the  atmosphere 
as  indicated  by  the  barometer  {ivom  fSapos,  baros,  weight,  and 
likrpov^  metron,  measure). 

The  ordhiari/  mercurial  barometer  is  a glass  tube  33  or  34 
inches  long,  closed  at  one  end,  which  has  been  filled  with 
mercury  and  inverted  in  a small 
cistern  or  cup  of  mercury  (fig. 

14).  The  greater  part  of  the 
mercury  remains  in  the  tube, 
owing  to  the  pressure  of  the 
atmosphere  on  the  exposed  sur- 
face of  tlie  liquid,  the  average 
height  of  the  column  being 
nearly  30  inches.  In  the  popular 
form  of  the  instrument,  the 
wheel  barometer,  the  cistern  is 
formed  by  a recurvature  of  the 
tube  (fig.  15);  on  the  exposed 
surface  of  the  mercury  a fioat 
is  placed,  from  which  a thread 
passes  over  a pulley  and  moves 
an  index  whenever  the  column 
of  mercury  rises  or  falls.  The 
glass  tube  and  contained  column 
of  mercury  are  altogether  en- 
closed, the  index  alone  being 
visible.  In  the  form  first  de- 
scribed the  upper  end  of  the 
glass  tube  and  mercurial  column 
are  exposed,  and  the  height  of  the  mercury  is  ascertained 
by  direct  observation. 

The  aneroid  barometer  (from  a,  a,  without,  and  vr]pu<i,  nero.s, 
fluid)  consists  of  a small,  shallow,  vacuous  metal  drum,  the 
sides  of  which  approach  each  other  wlien  an  increase  of 
atmos])heric  pressure  occurs,  tlieir  elasticity  enabling  them  to 
recede  towards  their  former  position  on  a decrease  of  pressure. 
This  motion  is  so  multiplied  and  altered  in  direction  by  levers, 
etc.,  as  to  act  on  a hand  traversing  a plate  on  which  are 
marked  numbers  corresponding  with  those  showing  the 
height  of  the  mercurial  column  of  the  ordinary  barometer  by 
which  the  aneroid  was  adjusted.  The  Bourdon  barometer 


Fig.  14. 
Barometer. 


Fio.  15. 
Barometer. 
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(from  tlie  name  of  the  inventor)  is  a modified  aneroid,  con- 
taining in  the  place  of  the  round  metal  box  a flattened  vacu- 
ous tube  of  metal  bent  nearly  to  a circle.  These  barometers 
are  also  used  for  measuring-  the  pressure  in  steam-boilers, 
etc.  Under  the  name  of  pressure-gauges  they  are  sold  to 
indicate  ])ressures  of  as  much  as  500  pounds  per  scpiare  inch 
or  higher.  Aneroid  barometers,  on  account  of  their  porta- 
bility (they  can  be  made  of  1 to  2 inches  in  diameter  and 
less  than  an  inch  thick),  are  handy  companions  for  ascertain- 
ing the  heights  of  hills,  mountains,  and  other  elevations; 

QUESTIONS  AND  EXERCISES 

Give  rules  for  tlie  conversion  of  degrees  C.  into  degrees  F. , and  of 
degrees  F.  into  degrees  C. — Name  tlie  degree  C.  equivalent  to  60°  F. 
— \Vhat  degree  C.  is  represented  by  - 4°  F.  ? — Mention  the  degree  F. 
indicated  by  20°  C. — Convert  ]00°h.  into  degrees  C. — How  are  varia- 
tions in  atmospheric  ])rcssure  determined? — Explain  the  construction 
jind  mode  of  act  ion  of  barometers. — In  what  resjject  does  a wheel- 
barometer  differ  from  an  instrument  in  which  the  readings  are  taken 
from  the  top  of  the  column  of  mercury? — Describe  the  construction 
and  mode  of  action  of  an  aneroid  barometer. 

Relation  of  the  Volume  of  a Gas  to  Pressure  and 
to  Temperature. 

'The  volume  occupied  by  any  given  quantity  of  a gas 
varies  («)  with  variations  in  the  pressure  to  -which  it  is  sub- 
jected ; and  (/;)  -with  variations  in  its  temperature.  The 
amount  of  the  variation  in  volume  for  any  given  change  in 
either  of  these  conditions  is  practically  independent  of  the 
nature  of  the  gas,  since  (witliin  moderate  ranges  of  pressure 
and  of  temperature)  it  is  approximately  the  same  for  all  gases, 
unless  these  are  near  their  liquefying  j^oints.  The  observed 
variations  take  place  apjn-oximatel}^  in  accordance  with  the 
following  laws  ; — 

Boyle’s  Law. — When  the  temperature  of  a quantity  of 
gas  is  kept  constant,  the  volume  which  the  gas  occupies 
varies  inversely  as  the  pressure.  When  the  original  pressure 
is  doubled,  the  volume  is  diminished  to  one-half ; when  it  is 
trebled,  the  volume  is  diminished  to  one-third  ; when  it  is 
halved,  the  volume  is  doubled,  and  so  on.  Tlie  pressure 
under  which  a gas  is  measured  is  expressed  in  millimetres 
of  mercury — that  is,  by  the  height  in  millimetres  of  a 
column  of  mercury  capable  of  counter  - balancing  the 
pressure  exerted  by  the  gas. 


Charles’s  law 


37 


Charles’s  Law.* — When  the  pressure  under  which  a 
quantity  of  gas  is  measured  is  kept  constant,  tlie  volume 
which  the  gas  occupies  varies  diredly  as  tlie  “absolute” 
temperature.  The  absolute  temperature  is  obtained  by 
adding  273  to  the  observed  temperature  of  the  gas  in 
degrees  Centigrade.  Suppose  that  a quantity  of  gas 
occupies  273  c.c.  at  0°  C.,  then  the  volumes  which  it  is 
found  to  occupy  at  the  temperatures  in  Column  I.  of  the 
following  table  are  those  given  in  Column  111.  Columns 
II.  and  III.  show  liow  tlie  volume  varies  directly  as  the 


absolute  temjierature. 

I. 

11. 

III. 

Temperature 

Absolute  Temperature 

Volume  in 

in  °C.  ( = t.). 

( = 27.S  + t.). 

c.c, 

1 

274 

274 

9 

275 

275 

10 

283 

283 

30 

303 

303 

- 1 

272 

272 

- 10 

263 

263 

-30 

243 

243 

'I'his  table  illustrates  anotlier  way  in  which  Charles’s  law 
may  be  stated,  viz.,  that  the  volume  of  a gas  is  increased  or 
diminished  bj-  .^1..  ( = 0'003G6)  of  its  volume  at  0°  C.  for  each 
degree  Centigrade  that  tlie  temperature  of  the  gas  is  raised 
or  lowered. 

Slundanl  Tevipcralurc  ami  Prcxsurc. — 'I’he  temiierature  of 
0°  C.  and  the  pressure  of  7G0  mm.  are  termed  xlandard 
tcmpcralurc  and  standard  pressure  res]iectively. 

It  is  frequently  necessary  to  calculate,  in  accordance 
with  the  foregoing  laws,  what  the  volume  of  a ejuantity  of 
gas  would  become  under  new  conditions  of  pre.ssure  and  of 
temperature,  when  its  volume  under  stated  conditions 
(original  conditions)  is  known.  ’J'hc  calculation  (which  is 
often  termed  “correction  for  ]ircssurc  and  temperature”) 
can  bt‘  made  in  all  such  cases  in  accordance  with  the 
following  fairly  obvious  rule  : — 

faking  the  known  volume, 

(1)  Multiply  by  the  original  jiressure,  and  divide  by  the 
new  pressure  ; and 

.Also  occasionally  called  “ (/ay  Cnssac’s  I. aw.' 
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(2)  Multiply  by  the  new  absolute  temperature^  and  divide 
by  the  original  absolute  temperature. 

Example : — A quantity  of  hydrogen  occupies  260  c.c.  at 
27°  C.  and  750  mm.  Find  its  volume  at  0°  C.  and  780  mm. 

We  have  here  :• — Known  volume  = 260  c.c. ; Original 
Pressure  = 750 mm. ; New  Pressure  = 780  mm.;  Original 
Ab.solute  Tcm])erature  = 273  + 27°  = 300° ; New  Absolute 
Tem])erature  = 273  + 0°  = 273°. 

Proceeding  as  indicated  by  the  rule  given  above,  we  get  : 


Density. — Hy  the  density  of  a substance  we  understand 
the  number  of  units  of  mass  of  tlie  substance  which  occupy 
a unit  of  space.  Tlie  gramme  and  tlie  millilitre  are 
adopted  as  unit  of  mass  and  unit  of  s])ace  respectively,  and 
the  density  of  a substance  is  tlicn  represented  b}^  the 
number  of  grammes  of  tliat  substance  wliicli  occupy  a 
millilitre.  At  4°  C'entigrade  one  gramme  of  water  occupies 
a millilitre,  hence  at  this  temperature  the  density  of  water 
is  = 1 in  terms  of  the  above  units. 

Relative  Denxities  {(>r  Speci/ic  Gravities)  of  Liquids  and  of 
Solids. — Relative  densities  (or  s])eciiic  gravities)  are  the 
densities  of  other  substances  as  compared  with  that  of  some 
substance  which  is  chosen  as  .standard.  Water  at  4°  C.  (with 
density  assumed  = 1)  would  be  a thcoreticallj' perfect  standard 
for  the  com))arison  of  the  relative  densities  of  other  liquids 
and  of  solids.  At  4°  Centigrade  water  is  at  its  ma.vimum 
dcihsitij  point;  that  is  to  say,  any  given  quantity  of  water 
occupies  at  this  temperature  a smaller  volume  than  it 
does  at  any  temperature  above  or  below  4°  C.  The 
numbers  re2)i’esenting  the  relative  densities  of  solids  and  of 
li(]uids,  in  terms  of  the  units  and  standard  referred  to 
above,!  would  thus  show  how  many  times  heavier  or  lighter 
the  res2)ective  substances  are,  bulk  for  bulk,  than  water  at 
4°  C.  ; or,  what  is  the  same  thing,  how  many  grammes  of 

* For  more  detail  tlian  can  be  given  liere,  and  for  mnnerous 
examples,  see  Arithmetical  Exercises  hi  Chemistry,  !)}'■  Leonard 
Dobbin,  Ph.D.  [Edinburgh  : Janies  Thin.] 

i Note,  however,  that  the  .standard  temjieraturc  adopted^  in 
jiractice  for  comparing  specific  gravities  is  not  PC.,  but  C. 

(()fP  F.).  {See  the  Section  on  Quantitative  Measurements.) 
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the  respective  substances  oecupy  the  same  space  as  one 
gramme  of  water  at  4°  C.  (i.e.  1 millilitre). 

Relative  Densities  of  Gases. — The  relative  densities  (or 
specific  gravities)  of  other  gases  are  usually  compared  with 
the  density  of  hydrogen,  the  lightest  known  gas,  which  is 
arbitrarily  chosen  as  standard,  with  densit}^  = 1 . (Formerly 
air  was  the  standard  adopted,  Avith  density  = 1.)  In  order  to 
be  in  a position  to  compare  the  density  of  any  given  gas 
with  that  of  the  standard,  it  is  necessary  to  determine  the 
masses  of  ecpial  volumes  of  both  gases,  under  the  same 
conditions  of  pressure  and  of  temperature  (see  p.  36,  and 
the  Section  on  Quantitative  Measurements).  The  numbers 
representing  the  relative  densities  of  gases  show  how  many 
times  heavier  the  respective  gases  are,  bulk  for  bulk,  than 
hydrogen  under  the  same  conditions  of  pressure  and  of 
temperature,  oi’,  what  is  the  same  thing,  how  many  grammes 
of  the  respective  ga.ses  occupy,  under  the  same  conditions  of 
pressure  and  of  temperature,  the  same  space  as  one  gramme 
of  hydrogen  {i.e.  IIT  litres). 

I apoiir  Densitij. — This  term  is  applied  to  the  relative 
density  (or  specific  gravity)  of  the  vapour  in  the  case  of 
any  substance  which  is  liquid  or  solid  at  ordinary  tempera- 
tures but  which  is  capable  of  being  converted  into  the  state 
of  vaj)our,  without  undergoing  decomposition,  by  a sufticient 
rise  of  temperature.  Vapour  densities  are  thus  strictly 
comparable  with  the  relative  densities  of  gases.  (-See  the 
Section  on  (Quantitative  Measurements.) 

(QUlvSTlON'S  AND  EXERCISES 

Define  boyle’s  law. — What  does  the  volume  of  a litre  of  liydrogen 
at  ordinary  atmospheric  pressure  become  wlien  the  pressure  is 
doubled,  halved,  quadrupled? — Mention  two  ways  in  which  the 
regularity  known  as  Charles’s  law  may  be  stated. — How  is  the 
number  whieh  represents  the  absolute  temperature  obtained? — 
Define  standard  temperature  and  pressure. — What  is  the  rule  for 
“ correcting  ” tlic  volume  of  a gas  for  change  in  temperature  and 
pressure? — What  do  you  understand  by  tlie  terms  density,  relative 
density,  vai)our  density? 

The  student  is  reemnniended  to  read  the  jo/loiring  paragrajihs 
on  the  General  Principles  of  Chemical  Philo,soj)hi/  earefnili/  once 
or  heice,  then  to  studi/  (^e.rpcriinentalli/,  ij'  pos-.iihlc')  the  succeeding 
pages,  reinrning  to  and  reading  over  the  General  Principles  from 
time  to  time  until  theji  are  thoronghli/  comprehended . 
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THE  GENERAL  PRINCIPLES  OE  CHEMICAL 

PHILOSOPHY 

'J’hc  Science  of  Cliemislry  treats  of  a particular  class 
of  changes  that  matter  undergoes.  These  ehanges  result  in 
the  formation  of  new  substances — that  is,  of  substances 
which  are  different  in  comjiosition  and  properties  from  the 
materials  out  of  which  they  have  been  produced — and  they 
are  commonly  called  chemical  changes.  Such  changes  may  be 
the  result  of  natural  agencies  onl}',  as  in  the  growth  of 
plants  and  animals  in  a whollj'^  natural  state,  and  in  the 
transformations  that  the  inanimate  materials  of  which  the 
earth  is  composed  undergo  owing  to  climatic  and  other 
influences  ; or  they  may  be  direeted  and,  so  far,  controlled  by 
human  agency,  as,  for  examj)le,  in  the  processes  carried  out 
in  the  chemical  laboratory  or  manufactoiy. 

V.hcmical  and  Phi/.ncal  Changes. — Many  well-marked,  or 
hjpical,  cases  of  chemical  change  are  easily  recognised  as 
such.  Sometimes,  however,  it  is  difficult,  and  occasionally  it 
is  not  possibles,  to  recognise  whether  a particular  change 
really  is  a chemical  cluuige,  or  whether  it  belongs  to  the 
class  of  jdienomena  called  ])li3'sical  changes.  The  existence 
of  an}'  uncerbiinty  arises  from  the  difficulty  in  jjroving  con- 
clusively whetlu'r  a new  substance  has  been  jiroduced  or  not, 
together  with  the  fact  that  it  is  not  an  altogether  easv 
matter  to  define  strictl}'  what  constitutes  the  formation  of  a 
new  substance.  Familiar  examples  of  j^ij^sical  changes  are 
furnished  by  the  transformations  of  solids  into  the  liquid 
state  (as  of  ice  into  water)  or  of  liquids  into  the  state  of 
vajiour  (as  of  water  into  steam)  without  any  change  in  the 
comjiosition  of  the  substances.  In  tyjiical  cases,  the  occurrence 
of  chemical  change  may  usually  be  recognised  by  the  accom- 
jianying  jihenomena  characteristic  of  such  change.  Two  of 
the  most  imjiortant  of  these  jihenomena  are  : — 

1.  77/.C  disappearance  of  the  properties  of  the  sahslance  or 
substances  vdtich  taJee  part  in  the  change^  and  the  formation  of  a 
nor  substance  or  of  neu;  substances  po.s.se,s, sing  other  properties. 

A mixture  of  free  oxygen  and  hydrogen  is  still  ;i  gas ; 
water,  a chemical  coinpound  of  oxj'gcn  and  hydrogen,  is  a 
liquid;  here  is  great  alteration  in  jirojicrties.  Iodine  is 
onl}'  slighll}'  soluble  in  water,  forming  a brown-colourcd 
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solution,  and  iron  is  insoluble ; but  when  iodine  and  iron 
are  chemicalhf  combined,  the  product  is  very  soluble  in 
water,  forming  a light-green  solution  which  is  utterly  unlike 
iron  or  iodine  in  any  one  of  its  properties,  and  in  which 
the  eye  can  detect  neither  iodine  nor  iron.  Tartaric  acid 
and  sodium  carbonate,  mixed  together  in  presence  of  water, 
give  rise  to  other  and  wholly  different  chemical  compounds, 
the  original  substances  having  interacted  and  formed  fresh 
combinations.  Sand,  sugar,  and  butter,  rubbed  together, 
form  a mere  mixlure,  from  which  water  would  extract  tlie 
sugar,  and  ether  dissolve  out  the  butter,  leaving  the  sand. 
These  examples  illustrate  how  chemical  action  is  distinguished, 
namel}’,  by  producing  an  entire  change  of  properties  in 
the  resulting  substances. 

2.  The  giving  out,  or  the  absorption  of  heat,  during  the  change. 

When  coal  or  a candle  burns  in  the  air,  the  carbon  present 
in  the  combustible  material  unites  with  the  oxygen  of  the 
atmosphere,  with  the  evolution  or  giving  out  of  heat. 
Sulphur,  phosphorus,  certain  metals  such  as  magnesium 
and  zinc,  as  well  as  many  other  substances,  likewise  burn 
in  the  air,  with  the  evolution  of  heat.  These  instances  of 
combustion  are  all  examples  of  chemical  action,  and  are 
readily  distinguishable  as  such. 

Besides  tlie  two  important  phenomena  noted  above  as 
cliaractcristic  of  chemical  changes,  it  is  further  to  be 
observed  that  clicmical  combination  takes  place  between  the 
substances  which  enter  into  reaction  (interact)  in  certain 
definite  proportions  by  weight  only,  and  not  simply  in  any 
proportions  in  which  they  may,  by  cliance  or  by  intention, 
be  mixed  together.  The  quite  general  regularities  that 
have  been  observed  in  connection  with  this  matter  arc 
di.scussed  below  under  the  Laws  of  Chemical  Combination. 

Elements  and  Compounds. — In  modern  chemistry  the 
term  element  is  applied  to  any  substance  which  has  not  been 
shown  to  be  compound — that  i.s,  to  ])o.sscss  a conijiosite 
nature.  The  word  is  strictly  reserved  for  those  substances 
which  the  chemist  i.s  muther  able  to  break  u|>  into  two  or 
more  simj)ler  substances,  nor  to  jiroduce  by  the  union  of 
two  or  more  simpler  substances.  The  elements  are  the 
simj)lcst  fonns  of  matter  known.  I lu;  tei'in  compound  is 


42  GENERAL  PRINCIRLEE  OE  GllEMiOAL  I'JllLOSOPllY 


applied  to  all  substances  the  composite  nature  of  which 
can  be  proved.  The  proof  may  consist  in  breaking  up  the 
compound  into  two  or  more  simpler  substances  by  some 
method  of  (leconipoxilioit  ; or  it  may  consist  in  building  up 
the  compound  from  two  or  more  simpler  substances,  b}- 
causing  these  to  combine — that  is,  by  effecting  its  xtj/ilhcsix* 

Uj)  to  the  ])vescnt,  about  70  elements  have  been  dis- 
covered, and  more  or  less  minutel}^  examined  and  described. 
Of  these  elements,  about  40  are  either  of  practical  import- 
ance them.selve.s,  or  tliey  enter  into  the  composition  of 
compounds  which  are  of  practical  importance.  All  of  the 
enormous  number  of  cliemical  compounds  that  have  been 
])re])ared  and  examined  are  combinations  of  two  or  more 
of  the  known  elements. 

Chemical  Affinity  is  the  name  applied  to  that  tendency 
exhibited  by  certain  elementary  and  compound  substances 
to  enter  into  fresh  combinations  with  one  another  so  as 
to  form  new  compounds.  The  name  is  sometimes  applied 
also  to  the  tendency  of  substances  to  remain  combined  after 
combination,  with  the  formation  of  new  compounds,  lias 
taken  place. 

Laws  of  Chemical  Combination. — Chemical  combimi- 
tion  takes  place  between  definite  (|uantities  of  substances. 
I’hc  more;  important  <|uantitative  relations  are  expressed  by 
the  following  laws  : — 

'I'lic  Ltar  of  ('unxiaiit  Proporlionx  states  that  the  same 
chemical  compound  is  always  comjiosed  of  the  same  elements, 
and  that  these  elements  are  present  in  the  compound  in  the 
same  relative  proportions  by  weight.  Thus  any  pure  speci- 
men of  common  salt  is  found  on  anal}'sis  to  contain  the 
elements  sodium  and  chlorine  only,  and  these  are  associated 
with  each  other  in  the  proportions  of  2-3  jiarts  by  weight 
of  sodium  to  3.5’4  parts  by  weight  of  chlorine.  Similarly 
any  pure  specimen  of  sulphuric  acid  contains  hydrogen, 
sulphur,  and  oxygen,  associated  with  one  another  in  the 
proportions  of  2 parts  by  weight  of  hydrogen  to  31 '82  of 
sulphur  and  63‘52  of  oxygen.  4’o  the  general  statement  of 
the  law  of  constant  proportions,  it  may  be  added  that  the 

* The  word  xj/iUhexlx  is  from  xiiut/uixix,  a ]nitting  together  ; 

nnalyslx,  a term  often  used  to  designate  tlie  reverse  o]reration  oi  de- 
eoinj)o.sition,  is  from  draXi'iui,  (UKtliiri,  I resolve 
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mass  of  (or  quantity  of  matter  contained  in)  any  compound 
substance  is  equal  to  the  sum  of  the  masses  of  its  con- 
stituents. 

The  Law  of  Miillip/e  Proportiuns. — The  same  elements  are 
sometimes  capable  of  uniting  with  each  other  in  more  than 
one  proportion  by  weight.  The  law  of  multiple  proportions 
states  that,  when  this  is  the  case,  the  several  quantities  of 
one  of  the  elements  which  combine  to  form  two  or  more 
compounds  with  an}'  given  quantity  of  the  other  element, 
stand  in  simple  multiple  relations  either  to  each  other  or 
to  some  common  subinultiple.  Thus  in  the  two  oxides  of 
carbon  there  are  contained  : 


Parts  by  weight 

Parts  by  weight 

of  Carbon. 

of  Oxygen. 

Carbonic  oxide 

12 

16 

Carbonic  anhydride 

12 

32 

and  in  tlie  two  oxides  of  phosphorus  there  are  contained  : 


Parts  by  weight 
of  Phosphorus. 

Parts  by  weight 
of  Oxygen. 

Phosphorous  anhydride  . 

62 

IS  ( = 16x3) 

80  ( = 16  X ,6) 

Phosphoric  anhydride 

62 

The  Law  oj  (iancous  / ohnne.s  stales  Lliat  wlien  gases  eom- 
bine  with  one  an(»ther,  tlie  volumes  wliich  unite  stand  in 
a simple  relation  to  each  other  and  also  to  the  volume  of 
the  product  wlien  tliis  is  a gaseous  sub,stance.  The  simple 
relations  of  the  volumes  of  the  combining  gases  to  each 
other  and  to  the  volume  of  the  [)roduct  in  a few  cases  illus- 
trative of  this  law,  are  exhibited  in  the  following  table  : — 


Volumes  of  combining  gases. 

Volume  of  product. 

Hydrogen  1,  Chlorine  1 
I lydrogen  2,  Oxygen  1 
Carbonic  oxide  2,  Oxygen  1 
Carbonic  oxide  1,  Chlorine  I 

I lydrocliloric  acid  2 
Water  vajjour  2 
Carbonic  anliydride  2 
1 Phosgen  1 
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N.B.- — -In  each  of  the  foregoing  cases  it  is  necessaiy  to 
assume  that  the  volumes  of  the  combining  gases  and  of 
tlie  product  are  measured  under  the  same  conditions  of 
pressure  and  of  temperature.  (>Sce  p.  36.) 

The  Atomic  Theory. — Certain  theoretical  conceptions 
wliich  have  since  developed  into  wliat  is  now  called  tlie 
Atomic  Theory,  were  first  employed  in  cliemistry  by  John 
Dalton,  a Manchester  chemist,  in  explanation  of  the  regu- 
larity which  has  already  been  mentioned  as  the  Law  of 
Multijde  Proportions  (p.  43).  Tlie  most  imjiortant  assump- 
tions of  this  theory  are  .stated  in  tlie  following  paragrajihs. 

Matter  of  all  kinds  is  assumed  to  be  composed  of  extremel}" 
minute,  indivisible  particles.  These  pai’ticles  have  been  called 
filo7nx.  Single  atoms  are  so  small  as  to  be  entirely  beyond  our 
powers  of  observation,  even  with  the  aid  of  the  most  powerful 
magnif}’ing  instruments.  It  is  assumed  that  each  element 
consi.sts  of  atoms  of  one  kind  only,  the  kind,  however,  being 
different  for  every  element.  I'ivcry  compound,  on  the  other 
hand,  is  assumed  to  contain  atoms  of  at  least  two  different 
kinds — that  is,  atoms  of  at  least  two  different  elements — com- 
bined together  chemically. 

Kstimates  have  been  made  as  to  the  probable  shape,  size,and 
mass  of  atoms.  At  best,  these  must  be  regarded  as  a]iproxi- 
mations  only.  Experimental  evidence  jioints  to  the  atoms  of 
different  elements  jiossessing  very  different  irriglilx.  The 
ab.soliite  mass  is  not  known  in  the  case  of  any  atom,  but  the 
ratio  to  each  other  of  the  weights  of  the  atoms  of  different 
elements  (ran  be  determined  with  accuracy.  A series  of 
numbers  which  rejiresent  the  relalirc  /ceighlx  of  i/ic  differcut 
l-iiidx  ofaUmx  has  accordingly  been  drawn  up.  These  numbers 
are  relalive  (domic  vxlgldx,  and  are  as  a rule  simply  called  aloniic 
ireig/dx.  I'hcy  will  be  discussed  further  on. 

I'he  aggregates  of  atoms  which  are  produced  when  two  or 
more  unlike  atoms  combine  together  to  form  the  smallest 
])articles  of  a compound  substance,  are  called  molecidcx*  The 
most  sim|)ly  constituted  molecule  ot  a comj)ound  substance 
conceivable  must  necessarily  consist  (jf  at  least  two  unlike 

* The  word  molc.rida  is  also  apjilicd,  as  will  ai)pear  later,  to  aggre- 
gates consisting  of  two  or  more  like  atoms.  A number  of  elementary 
gases  and  vapours  are  su])poscd  to  be  made  u]i  of  i)artieles  consisting 
of  such  grou|)s  of  like  atoms. 
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atoms.  'J'lu*  molecules  of  carbonic  oxide  arc  believed  to 
posse.ss  this  .simple  constitution,  and  to  consist  cacli  of  one 
atom  of  carbon  and  one  atom  of  oxygen.  The  next  simplest 
conceivable  constitution  for  the  molecule  of  a compound  is 
that  it  should  con.sist  of  three  atoms.  In  this  case  there  are 
two  possibilities  ; — 

1.  All  three  atoms  may  be  different  ; or 

'2.  Two  atoms  may  be  of  one  kind  and  one  of  another. 

The  molecules  of  hydrocyanic  acid  are  regarded  as 
illustrating  the  first  of  these  ]iossibilities,  and  as  consist- 
ing eacli  of  one  atom  of  hydrogen,  one  of  carbon,  and 
one  of  nitrogen.  'The  molecules  of  carbonic  anhydride  are 
regarded  as  illustrating  tlie  second,  and  as  consisting  each  ol 
one  atom  of  carbon  and  two  of  oxygen.  The  molecules  of 
many  substances  arc  supposed  to  present  much  greater  com- 
])lexity  tlian  these. 

If  we  now  compare  carbonic  oxide  and  carbonic  anhydride 
in  light  of  the  atomic  theory,  we  perceive  tlu‘  character  of  the 
explanation  afforded  by  the  theoiy  for  the  observed  facts  con- 
cerning the  (juantitative  relations  to  each  other  of  the  ele- 
ments whicli  form  the  two  comj)ounds  (ji.  43).  Carbonic 
anhydride  contains,  for  a given  weight  of  carbon,  exactly 
twice  as  much  oxygen  as  carbonic  oxide  does.  According 
to  the  atomic  theory,  this  is  because  a molecule  of  carbonic 
anhydride  contains  for  one  atom  of  carhon,  two  atoms  of 
oxygen,  while  a molecule  of  carbonic  oxide  contains  for  one 
atom  of  carbon,  only  one  atom  of  oxygen. 

Avogadro’s  IIijj)ulhesis. — When  the  facts  which  find  expres- 
sion in  the  Law  of  (iaseous  Volumes — referring,  as  they  do, 
to  the  combination  of  gases  in  simple  rational  proj)ortions  by 
volume  to  form  products  whose  volumes  are  simply  related 
to  those  of  the  gases  which  combine  (ji.  43) — are  considered 
in  connection  willi  the  idea  of  combination  in  simple  atomic 
proportions  according  to  Dalton’s  atomic  theoiy,  it  becomes 
evident  that  there  must  be  a .simple  relation  between  tlie 
volumes  which  gases  oc;cupy  and  the  numbers  of  molecules 
pre.sent  in  these  volumes.  'riic  nature  of  the  relation  is 
expressed  by  the  Hypothesis  of  Avogadro,  whicli  is  usually 
stated  as  follows  : — 

luiiial  ro/iniicx  of  all  gases,  under  the  same  eandilions  of 
pressure  and  of  tenijieralnre  eonlain  the  same  nnmher  of 
moleenles. 
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In  order  to  bring  tliis  very  simple  hypotliesis  into  liar- 
mony  with  the  observed  facts,  in  all  cases  of  combination  of 
gases  with  each  other,  it  is  necessary  to  make  the  further 
assumption  that  even  in  the  elementary  gases,  hydrogen, 
oxygen,  nitrogen,  and  chlorine,  the  ]iarticles  do  not  consist 
of  single  atoms,  but  of  pairs  of  like  atoms  associated  together 
to  form  molecules.  In  illustration  of  this  matter,  the  case  of 
the  combination  of  hydrogen  with  chlorine  furnishes  a good 
example.  One  volume  of  hydrogen  combines,  as  we  have 
seen  (j).  43),  with  one  volume  of  chlorine  to  form  two  volumes 
of  hydrochloric  acid  gas.*  The  volume  of  the  product  is 
here  double  that  of  either  of  the  constituent  gases,  and  there- 
fore, according  to  Avogadro’s  Hypothesis,  it  contains  twice 
as  many  molecules  as  either  of  tliose  volumes.  But  eveiy 
molecule  of  the  resulting  hydrochloric  acid  gas  contains  both 
hydrogen  and  chlorine,  and,  as  there  are  twice  as  many 
moleeules  of  it  (each  containing  hydrogen  and  chlorine)  as 
llierc  were  of  the  original  hydrogen  or  of  the  original  chlorine, 
eacrh  molecule  of  tin;  two  latter  gases  must  have  undergone 
division  into  two  parts,  and  must  therefore  have  consisted 
originally  of  not  fewer  than  two  atoms.  'J'here  is  evidence 
from  another  source  that  the  molecules  of  the  elementary 
gases  do  not  consist  of  more  than  two  atoms  (p.  61). 

Molecular  If  'eiglils. — If,  as  Avogadro’s  Hypothesis  assumes, 
ecjual  volumes  of  all  gases  contain,  under  like  conditions,  the 
.same  number  of  molecules,  then  the  differences  in  the  weights 
of  ecpial  volumes  of  the  various  gases  (as  observed  in  making 
determinations  of  their  relative  densities)  can  only  be 
accounted  for  by  differences  in  the  weights  of  the  respective 
molecules  of  which  the  different  gases  consist.  Accordingly 
the  determination  of  the  weights  of  e(]ual  volumes  of  different 
gases  (under  like  conditions)  should  furnish  numbers  which 
stand  to  each  other  in  the  ratios  of  the  weights  of  the  mole- 
cules of  the  respective  gases.  But  this  is  the  determination 
which  is  actually  made  in  ascertaining  the  relative  densities 
of  gases  (p.  39)  ; hence  the  numbers  representing  the  relative 
densities  of  gases  lead  directly  to  the  relative  weights  of  the 
molecules  of  the  gases. 

As  already  stated,  hydrogen  is  adopted  as  standard,  with 
density  = 1,  for  the  comparison  of  the  relative  densities  of 

* All  measured  under  like  conditions  of  pressure  and  of  tempcr.a- 
turc. 
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other  gases  (p.  39).  For  tlie  comparison  of  the  relative  mole- 
i cular  weights  of  gases  liydrogeu  is  also  adopted  as  standard, 
but  with  molecular  weight  = 2.  Hence,  since  the  relative 
molecular  weight  is  in  all  gases  proportional  to  the  relative 
density,  the  relative  molecular  weight  of  any  gas  is  expressed 
by  a numher  which  is  double  that  which  expresses  its  relative 
density.  Thus  we  have  : 


Uelativo  Density. 
1 

irvss 

2r83.'i 

8'9-l 


Kelative  Molocnlar 
Weiglit. 

2 

31-76 

43-67 

17-88 


Hydrogen 

Oxygen  .... 

Carbonic  anhydride 

Water  vapour 

and  so  on.  The  numbers  de.signated  relative  molecular 
weights  above  are,  as  a rule,  simply  called  Molecular  Ji’ciglilx. 

There  are  many  substances  of  whicli  the  molecular  weights 
are  unknown,  because  they  cannot  be  obtained  in  the  gaseous 
state,  and  because  certain  other  known  methods  of  molecular 
weight  determination  cannot  be  apjdied  to  them, 
i Gramme  Molecule. — For  chemical  jnirposes  it  is  often  con- 
i|  venient  to  deal  with  definite  quantities  of  substances  in 
grammes  (but  of  course  other  definite  iveights  could  be 
i{  employed),  these  quantities  being  based  upon  the  molecular 
ii  weights  of  the  substances^.  When  the  number  which  expresses 
1|  the  molecular  weight  of  any  substance  is  considered  as  repre- 
senting that  same  number  of  grammes,  this  quantity  is  called 
the  “ molecular  weight  in  grammes  ” of  the  substance,  or,  more 
shortly,  the  gramme  molecule.  This  is  an  important  quantity 
with  respect  to  each  sub.stance.  (Compare  pp.  48  and  53.) 
'File  gramme  molecule  of  hydrogen  weighs  two  grammes. 

Atomic  JVeighLs. — If,  in  accordance  w-ith  the  atomic 
theory,  molecules  are  aggregates  of  atoms,  the  weight  of 
any  given  molecule  mu.st  be  made  up  of  the  separate  weights 
of  the  atoms  which  compose  it,  and  must,  therefore,  be  equal 
to  the  sum  of  these  separate  weights.  Hence,  if  it  is  possible 
to  ascertain  by  any  means  the  kinds  of  atoms,  and  the 
number  of  each  kind,  which  go  to  constitute  the  molecules 
of  any  compound,  it  should  likewise  be  possible  to  ascertain 
the  relative  weights  of  the  atoms  of  each  kind  from  the 
relative  molecular  weights  of  the  coin])ounds  into  whose 
composition  they  enter.  It  has,  as  a matter  of  faet,  been 
found  possible  to  obtain  a great  deal  of  information  with 
respect  to  these  matters.  The  means  by  which  this  informa- 
tion is  obtained  may  be  stated  as  follows. 
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1.  liy  ninking  use  of  tho  ordiimry  methods  of  ohcinioal 
amdysis,  the  kinds  of  atoms  present  in  a compound  can  he 
determined  ; tliat  is,  the  presence  of  tlie  particular  elements 
of  which  it  is  composed  can  be  recognised,  and  the  absence 
of  others  can  be  ]iroved.  By  means  of  methods  of  quanti- 
tative analj'sis,  the  quantity  of  each  element  present  in  a 
given  compound  cair  be  determined. 

2.  When  the  results  of  (piantitative  anal^'ses  are  so 
tabulated  as  to  show  the  weight  of  each  element  which  is 
present  in  those  (piantities  of  compound  substances  which 
hav(“  already  been  described  as  their  gramme  molecules 
(]).  17),  it  is  found  that  the  gramme  molecules  of  different 
eom))ounds  containing  oiu^  element  in  common,  contain 
(piantities  of  that  element  which  are  related  to  each  other 
in  a very  simple  manner.  The  nature  of  this  simple  relation 
is  e.vhibited  in  the  subjoined  tables.  In  each  of  these  tables 
the  numbers  given  in  Column  II.  represent  the  weights  in 
grammes  of  the  substances  named  in  Column  I.,  whicli  occupy, 
in  the  gaseous  stat(‘,  and  under  like  conditions  of  pressure 
and  of  temperature,  the  same  volume  as  two  grammes  of 
h^'drogen.  'J'he  numbers  given  in  Columns  ill.  and  IV. 
sliow  the  composition,  by  weight,  of  the  quantity  of  each 
substance  which  is  set  down  in  Column  II. 


I.  IhuilOUKS,  AND  1 1 VI)  II  DO  KN  COSII’OUNDS. 


Niinu'Hof  HUbstaiiciw  ami  wi^Khts  of  Uioin, 
in  ({niimmis,  wliicli  occupy,  in  Uic  gasuoiiH 
Ktatc  ami  umlnr  like  comfitions,  tlic  Maine 
volninc  as  two  granitnes  of  liydrogcn. 

Tlio  weights  stated  in  Column  U.,of 
tlie  respective  substances  named 
in  Column  I.,  contain  the  under- 
noted  weiglits,  in  grammes,  of— 

1. 

11. 

111. 

IV. 

Names. 

Weights. 

Ifydrogen. 

other  Elements. 

Hydrochloric  acid 

1 

Chlorine  115-19 

I lydroliromic  acid 

80-;j5 

1 

Bromine  79-85 

Hydroaen  . 

2-00 

2 

Water  .... 

17-88 

2 

O.xygen  l.r88 

Hydrogen  sulphide 

:i:3-82 

2 

Sulphur  81 -82 

Ammonia 

lf)-»4 

a 

Nitrogen  18-94 

Hydrogen  phospliide  . 

;j;i-80 

:i 

Phosphorus  80-80 

Marsh  gas  . 

ir.-Di 

•1 

Carbon  11-91 

Olefiant  gas  . 

27-82 

■1 

Carbon  23-82 

i Ethyl  alcohol 

■15-70 

0 

1 Carbon  28-82 

/ Oxygen  15-88 

f Carbon  47-C  l 

1^  Oxygen  15-88 

' Ether  .... 

7:Vr»2 

10 
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WEIOIITS 


II.  OxVCiEV,  AKD  OxVGEN  Co.Ml’Ol'NDS. 


I. 

Names. 


Water 


Carbonic  oxide  . 
Oxygen 

Carbonic  anhydride 
Sulphiu-ou.s  anhydride 
Sulphuric  anhydride 

Nitric  acid  . 


II. 

111. 

Weights. 

Oxygen. 

17-88 

15-88 

•27-79 

15-88 

31-76 

31-76 

■13-67 

31-76 

63-58 

31-76 

79-16 

•17-61 

62-58 

17-64 

[ 


IV. 

Otlier  Elements. 


Hydrogen 

2-00 

Carbon 

11-91 

Carbon 

11-91 

Sulphur 

31-82 

Sulphur 

31-82 

1 Hydrogen 

1-00 

1 Nitrogen 

13-91 

III.  C.VKiioN  Cojtporxn.s. 


I. 

Names. 

It. 

Weights. 

ill. 

Carbon. 

IV. 

other  Elements. 

Carbonic  oxide  . 

27-70 

11-91 

15-88 

Marsh  gas  .... 

15-91 

11-91 

1-00 

Ethane  .... 

29-82 

-23-82 

6-00 

Ethyl  alcohol 

1.5-70 

-23-82 

21-88 

Propane  .... 

13-73 

3.5-73 

8-00 

Butane  .... 

57-61 

17-61 

10-00 

IV.  Nituogex,  Axn  Nitrogex  Cojn’oirxns. 


1. 

Names. 

11. 

Weiglits. 

111. 

Nitrogim. 

IV. 

other  Elements. 

Ammonia  .... 

16-91 

1 3-91 

3-00 

Nitric  oxide 

29-82 

13-91 

15-88 

Nitric  acid  .... 

62-58 

13-91 

18-61 

Nitrogen  .... 

27-88 

27-88 

Nitrous  oxide 

13-76 

-27-88 

15-88 

Cyanogen  .... 

51-70 

27-88 

23-82 

The  simple  relation  to  which  reference  has  been  made, 
is  observed  when  the  numbers  whicli  fall  into  Column  III. 
in  each  table  are  considered.  9’hus  the  (|uantily  of  each 
substance  which  in  the  state  of  gas  occupies  the  same  volume, 

1) 
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under  the  same  conditions  of  pressure  and  of  temperature,  as 
2 grammes  of  hj^drogen  (Column  II.),  does  not  in  any  case 
contain  a smaller  quantity  of  hydrogen  than  1 gramme,  of 
oxygen  tlian  I5'88  grammes,  of  carbon  than  11-91  grammes, 
or  of  nitrogen  than  13'94  grammes.  Further,  if  the  quantitj^ 
ot  any  comjjound  noted  in  Column  II.  contains  more  than  1 
gramme  of  liydrogen,  it  does  not  contain  less  than  2 
grammes;  if  more  than  2 grammes,  not  less  than  3 
grammes,  and  so  on.  Similarly  in  the  case  of  oxj’gen  com- 
pounds, if  tlie  (piantity  noted  in  Column  II.  contains  more 
than  15-88  grammes  of  oxj^gen,  it  does  not  contain  less  than 
31-7G  grammes;  if  more  than  31-76  grammes,  then  not  less 
tlian  -17-64  grammes,  and  so  on.  liegidarity  of  the  same 
sinqjle  kind  is  also  observed  with  i-es})ect  to  the  carbon  and 
nitrogen  com])()unds.  'I'hc  lists  of  comjjounds  given  here 
are  inbaided  to  be  illustrative  only,  and  not  exhaustive  ; since 
each  table  might  have  been  greatly  extended,  and  additional 
tables  might  have  been  given,  embracing  com])ounds  of 
many  other  elements,  when  the  same  kind  of  regularity 
would  have  aj)peared  throughout.  In  the  case  of  each 
element,  therefore,  there  ap))cars  in  Column  III.  a minimum 
number,  and  all  the  numbers  in  this  column  for  one  and  the 
same  element  are  either  this  minimum  number  or  multi])les 
of  it.  It  is  concluded  from  the  uniformity  observed  in  this 
re.speet  that  the  minimum  number  so  obtained  for  each 
element  re])resents  (relatively  to  hydrogen  assumed  = 1) 
the  smallest  proportion  by  weight  in  which  that  particular 
element  enters  into  combination — that  this  minimum  number 
is,  in  short,  the  atomic  weight  of  the  element.  The  atomic 
llieori/  ojj'crs  a xaf/icie/il  c.r])lanalw7i  oj'  the  obxei'ved  faclx. 
In  the  oxygen  comj)ounds,  for  examjjle,  the  moleeular 
weights  of  these  compounds  are  made  u])  of  the  weights  of 
the  atoms  of  the  other  elements  jiresent  in  the  molecule 
besides  oxygen,  and  of  1,  2,  3,  etc.  times  the  weight  of  one- 
atom  of  oxygen.  From  this  we  conclude  that  the  various 
molecules  contain  1,  2,  3,  etc.  atoms  of  oxygen.  It  is  clear 
that  if  a molecule  contains  any  oxygen  at  all,  it  must  contain 
not  less  than  one  atom  of  this  element;  if  it  contains  more 
than  one  atom,  it  cannot  contain  fewer  than  two  atoms, 
and  so  on.  Exactly  similar  considerations  may  be  ajqdied 
to  the  compounds  of  other  elemeiits. 

.'Vn  examination  of  the  fads  eonlaincil  in  the  tables,  and 
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of  tlie  conclusions  drawn  from  them,  justifies  the  view  that 
there  are  in  each  molecule — 


Of  water  . 

carbonic  oxide 
,,  nitrous  ,, 

,,  ammonia 
„ marsh  gas  . 


1 atom  of 
1 „ 

1 

1 

1 „ 


oxygen  and  '2  of  hydrogen 

,,  1 ,,  carbon 

,1  2 „ nitrogen 

nitrogen  ;!  ,,  hydrogen 

carbon  -1  ,,  ,, 


and  so  on. 

In  the  tables  referring  to  the  compounds  of  hydrogen, 
oxygen,  and  nitrogen,  the  elements  themselves  have  also 
been  included.  It  will  be  noticed  that  the  figures  for  them 
in  Column  III.  of  the  respective  tables  are  not  the  minimum 
numbers  which  have  been  arrived  at  as  their  atomic  weights, 
but  are  double  these  numbers.  From  this  it  is  concluded 
that  their  molecules  must  each  consist  of  two,  and  of  not 
more  than  two,  atoms. 

I.mr  of  Du/oiig  and  Petit. — This  law  states  that  the  pro- 
duct of  the  atomic  weight  and  the  specific  heat  of  solid 
elements  is  a constant  number.  This  constant  is  called  the 
atomic  heat,  and  hence  the  law  may  also  be  stated  thus  : — 

The  atomic  heats  of  all  solid  elements  are  equal. 

The  law  does  not  hold  quite  accurately,  the  atomic  heats 
of  solid  elements  being  found  to  differ  from  one  another 
to  some  extent.  They  nearly  all  approximate  moderately 
closely,  however,  to  the  number  6 ‘4.  A few  examples  are 
given  below 


Element. 

Atomic  Weight. 

Specific  Heat. 

Atomic  Weight  x 
Siiecilic  Heat 
( = Atomic  Heat). 

Sodiiiiii  . 

. ' 22-88 

-20 

(i-ti 

I rou 

-112 

0-2 

Zinc 

. (M-'ll 

-003 

0-0 

Tin 

118-2 

-O.'il 

0-1 

Mercury 

108-8 

-032 

0-) 

riie  determination  of  the  specific  heat  is  somelimes  made 
in  order  to  confirm  the  atomic  weight  of  an  element,  since 
the  constant  6'4  -f-  specific  heat  should  give  a quotient  approxi- 
mating to  the  atomic  weight. 


Chemical  Notation. — A system  of  notation  has  l)cen 
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adopted  for  the  purpose  of  shortly  and  concisely  exjn'essing 
the  chief  facts  concerning  chemical  actions.  This  system  is 
based  upon  the  facts,  and  the  theories  deduced  from  these 
facts,  which  have  been  outlined  in  the  preceding  pages.  The 
essential  features  of  the  system  are  exjdained  in  the  following 
])aragrai)hs. 

] . Sipiiholx. — For  the  j)ur[)oses  of  the  system,  each  element 
has  had  a .symbol  assigned  to  it.  This  S}’mbol  is  usually  the 
first  letter,  sometimes  the  first  and  a succeeding  letter,  of  the 
I'aiglish  or  of  tlie  Latin  name  for  tlie  element.  Thus,  H is 
I he  .symliol  for  hydrogen,  Fe  (Fcrrnm)  tlie  .symbol  for  iron, 
and  so  on.  A li.st  of  the  names  of  the  element.s,  with  their 
symliols  and  their  atomic  weiglits,  is  subjoined. 


The  Chief  Kloiienix  mcniioned  in  the  Brilixli  Phannacopaia, 
■loilh  I heir  Si/nd>o/x  and  Atmnic  U’ rigid  x. 


Symbol. 

Atomic 

Weight. 

Mlemuiit. 

Symbol. 

1 Atomic 
Weight. 

Altiininiiini 

A1 

Lead  (Plumhum)  . 

Pb 

20iV;i,7 

Aiilinionv(Slil)ium) 

Sh 

llil-OO 

Lithium  . 

Li 

6-97 

Arsc-niuni 

As 

7P.''){) 

Magnesimn 

Mg 

2J-18 

Barium  . 

Ba 

i:i()-lii 

Manganese 

Mn 

51  •.72 

Bismutii  . 

Bi 

207 -M) 

Mcreury(  H y d ra  rgy- 

Boron 

B 

10-S.'') 

rum)  . 

Hg 

198-80 

Bromine  . 

Br 

Nitrogen 

N 

i .3-91 

Calcium  . 

Ca 

:i9-71 

Oxygen  . 

O 

1.5-88 

Carbon 

c 

IP!)] 

Phosphorus 

P 

30-80 

Cerium 

Ce 

i;i!)-20 

Platinum 

Pt 

193-30 

Chlorine  . 

Cl 

:j.7-]!) 

Potassium  (Kalium) 

K 

38-83 

Chromium 

Cr 

r.P7i 

Silver  (Argentum)  . 

Ag 

107-11 

Co]>pcr  (Fnprmn)  . 

Cii 

()••!■  12 

Sodium  (Natrium)  . 

Na 

-2-2-88 

Gold  (Anrnm) 

All 

19.O-70 

.Sulphur  . 

S 

31-82 

Hydrogen 

H 

POO 

Tin  (Stannum) 

Sn 

118-20 

Iodine 

I 

12.'.-!)0 

Zinc 

Zn 

64-91 

Iron  (Ferrum) 

Fe 

.0.7-60 

For  a r.oinplele  list  of  tlie  elements,  with  their  .symbols  and 
atomic  weights,  xee  the  Appendix. 

The  symbol  for  each  element  is  employed  to  represent : — 
ft.  The  name  of  the  element. 

I).  An  atom  of  the  elemenl  . 
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c.  A definite  weight,  say  grammes,  of  the  element.  This 
weight  is  the  number  representing  the  atomic  weight 
of  the  element,  taken  as  grammes  ; thus  the  symbol  for 
hydrogen  represents  1 gramme  of  hydrogen,  because 
the  atomic  weight  of  hydrogen  is  1 ; the  symbol  for 
iron,  55‘6  grammes  of  iron,  because  the  atomic  weight 
of  iron  is  55‘6  ; and  so  on. 

2.  Fonnulce. — Symbols  are  employed  in  writing  fonnulw. 
A chemical  formula  usually  consists  of  two  or  more  symbols 
written  side  by  side,  as  CO,  which  represents  carbonic 
oxide. 

When  two  or  more  atoms  of  the  same  kind  are  to  be 
represented  in  a formula,  this  is  done  by  writing  a small 
figure  to  the  right  of,  and  on  a somewhat  lower  level  than, 
the  symbol.  The  figure  indicates  the  number  of  atoms  to  be 
represented.  Thus  the  formula  CH^  represents  a compound 
containing  one  atom  of  carbon  and  four  of  hydrogen.  A 
small  figure  similarly  placed  after  a portion  of  a formula  which 
is  enclosed  within  brackets,  multiplies  everything  that  is 
so  enclosed.  Thus  Ba(N03).,  indicates  a substance  in  which 
an  atom  of  barium  is  combined  with  twice  the  group  NOg. 

A figure  placed  in  front  of  a formula  refers  to  the  whole 
formula,  and  shows  how  many  times  the  quantity  represented 
by  the  formula  is  to  be  taken.  Thus  .3CH,  stands  for  three 
times  the  quantity  of  marsh  gas  represented  by  CH^. 

'I’he  formula  for  a substance  represents  in  all  cases  : — 

a.  I'he  kinds  of  atoms  of  which  the  substance  consists. 

h.  'I'he  r/itio  of  the  number  of  atoms  of  each  kind. 

c.  A definite  weight,  say  grammes,  of  the  substance.  This 

weight  is  the  sum  of  the  atomic  weights  of  the  atoms 
rejn-esented  by  the  formula,  taken  as  grammes.  It 
is  called  i\w  formula  ireighl. 

In  the  case  of  gase.s,  and  of  solids  and  liquids  which  can 
l)e  converted  into  the  gaseous  state  without  decomposition, 
the  formula  further  represents: 

d.  'I'he  quantity  of  the  substance  which  has  already  been 

referred  to  as  the  gramme  molecule  (]).  47). 

c.  A definite  l oliimc  of  the  substance  in  the  gaseous  state. 
1 his  volume  is,  in  the  case  of  each  substance,  when 
under  the  same  conditions  of  pressure  and  of  tempera- 
ture, the  same  as  that  occupied  by  two  grammes  (the 
gramme  molecule)  of  hydrogen.  It  is  called  the 
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graimne  molecule  volume.  When  numerical  expression 
is  given  to  it,  the  conditions  must  be  stated,  since  it 
varies  with  variations  of  pressure  and  of  temperature. 
Under  standard  conditions  of  pressure  and  of  tempera- 
ture {i.e.,  760  mm.  and  0°  C.,  see  p.  37),  it  measures 
22‘2  litres. 

3.  Deduetiou  of  the  Formula  for  a Compound  from  its  Com- 
j)ositiou  percent. — The  results  of  quantitative  chemical  analyses 
of  compounds  are  usually  expressed  in  parts  by  weight  per 
cent,  of  each  constituent.  From  tliese  results  aii  empirical 
fomiula  can  he  deduced.  An  emiiirical  formula  merely  ex- 
jiresses  the  ratio  of  the  number  of  atoms  of  each  kind  in  the 
smallest  whole  numbers.  K molecular  fonuula,  on  the  other 
hand,  expres.ses  tlie  number  of  atoms  of  each  kind  which  a 
molecule  is  assumed  to  contain. 

'I'he  rule  for  the  deduction  of  the  simplest  formula,  is  to 
divide  the  (juantity  per  cent,  of  each  element  by  the  atomic 
weight  of  that  element.  'I’he  (piotients  stand  to  each  other 
in  the  ratio  of  the  numbers  of  atoms  present  in  the  compound. 
'I'lnis  the  gas  ethylene  has  the  following  composition  per 
cent.: — 

C,  8.6-02  ; H,  14-.38. 

Dividing  by  the  resj)ective  atomic  weights,  we  get: — 

8.6-62 -pH -91  =7-19,  and  U-38 -p  1 = 14-38. 

Hut  7-19  : 14-38  ::  1 : 2 ; hence  the  carbon  and  hydrogen  atoms 
.-ire  jiresent  in  the  ratio  of  1:2,  and  the  empirical  formula 
is  CH.,. 

The  molecular  weight  of  ethylene,  however,  is  found  by 
exjieriment  to  be  27-82,  while  the  formula  CH.,  corresponds 
to  the  molecular  weight  13-91  ; hence  the  molecular  formula 
must  be  (CH.^).,,  that  is, 

N.B. — From  the  compo.sition  per  cent,  alone  the  empirical 
formula  can  be  deduced.  The  molecular  formula  can  only  be 
obtained  ichen  the.  molecular  iceight  is  also  Icnoirn. 

4.  Calculation  of  the  Compo.sition  per  cent,  oj'  a Substance  from 
its  Formula.— Tivfii  add  uj)  the  formula  weight  of  the  substance. 
From  this  and  the  separate  w-eights  of  the  coiustituents  the 
composition  per  cent,  is  obtained  by  simjilc  jiroportion.  Thus, 
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to  find  tlie  composition  per  cent,  of  carbonic  anhydride, 
CO.,:— 

C =11-91 

0,  = .31-76  (15-88  X 2) 

4:3-fi7  = Formula  weight. 

Here  4.3-G7  parts  by  weight  contain  11-91  of  carbon. 

11-91  X 100 

.-.  lOOcontam , ,,r. — =2r2i. 

43-()  / 

Again,  13-fi7  jiarts  by  weight  contain  .31-70  of  oxygen. 

31-70  x 100 

.-.  100  contain  =<2-73, 

43-0  I 

The  compo.sition  per  cent.,  therefore,  is : — 

C = 27-27  ; , 0 = 72-73. 

5.  KqualioiiA'. — Formulae  are  employed  in  writing  chemical 
ecjuations.  These  equations  represent  the  changes  which 
occur  during  chemical  actions.  Formulae  representing  the 
cjuantity  of  each  substance  which  enters  into  action  are 
placed  on  one  side,  and  formulae  representing  the  quantity 
of  each  pi-oduct  are  placed  on  the  other  side  of  the  sign  of 
equality  ( = ).  Between  the  various  formulae  on  each  side, 
^signs  of  addition  ( 4- ) are  placed.  These  signs  are  not  used 
in  the  same  sense  as  in  a mathematical  equation ; and  a 
ehemical  e(|uation  is  really  only  an  eepiation  in  so  far  that 
all  the  materials  represented  on  tlie  one  side  must  be  ac- 
counted for  in  .some  form  on  the  otlier  side. 

The  chemical  change  which  occurs  when  zinc  is  placed 
in  dilute  sulj)hurie  acid  is  rej)resented  by  the  equation — 

Zn+H,SC),=  H,  + ZnS()j 

This  equation,  besides  showing  the  nature  of  the  rearrange- 
ment of  atoms  which  takes  place,  indicates  the  proportions 
by  weight  in  which  the  substances  interact  and  the  pro- 
j)ortions  of  the  products,  since:  Ciich  symbol  and  formula 
has  its  own  (juantitative  signification.  It  further  indicates 
the  volume  of  hydrogen  which  can  be  obtained  from  the 
weights  of  materials  represented,  since  the  formula  for  a 
gas  represents  not  only  a definite  weight,  but  also  a definite- 
volume  (at  a given  pressure  and  temperature)  of  the  gas.  'i'hus 
04-91  grammes  of  zinc  and  97-34  grammes  of  sulphuric  acid 
yield  2 grammes  of  hydrogen  and  100-25  grammes  of  zinc 
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sulphate.  The  2 grammes  of  hvdroseii  occupy  22'2  litres  at 
0°C  and  760  mm. 

From  such  equations,  calculations  are  readily  made  of 
the  quantities  of  sub.stances  t>y  weight  or  by  volume  obtain- 
al)le  from  given  (juantities  of  materials. 

Instead  of  writing  formal  equations  to  represent  chemical 
actions,  tlie  student  will  often  find  it  helpful  and  instructive 
to  draw  diagrams  of  a kijid  wliich  show  ecjually  well  the 
original  form  in  which  the  various  elements  are  brought 
into  reaction,  and  the  destination  of  the  different  atoms, 
h'or  example,  instead  of  writing  the  equation  given  above, 
the  liberation  of  hydrogen  by  the  interaction  of  zinc  and 
dilute  sulphuric  acid  can  be  sufficiently  represented  for  most 
purposes  by  writing  the  formuhe  for  zine  and  sulpliuric  acid 
either  in  tlie  same  line  or  one  above  the  other,  to  show  what 
substances  interact,  and  then  drawing  a line  to  enclose  the 
SO,  of  the  sulphuric  acid  formula  along  with  the  Zn,  and 
h'aving  the  H.,  of  the  sulphuric  acid  formula  outside,  thus — 


Zn 

: SO, 

Zn ; 

or 

SO, 

If  the  interaction  of  zinc  with  hydrochloric  acid  is  to  be 
rejiresented,  the  diagram  can  be  constructed  thus — 


II  Cl 
H Cl 


Zn 


'I'he  construction  of  such  diagrams  is  particularly  useful  in 
aiding  the  student  to  obtain  an  insight  into  numerous 
complicated  interactions.  Other  examples  will  be  given 
further  on. 

Kiiiiimlents  {I’alency).  — Those  quantities  of  different 
elements  which  are  capable  of  playing  the  same  part  in 
chemical  combination,  are  said  to  be  eqidva/eiil  to  each  other. 
For  comparison  of  the  equivalent  weights  of  different  ele- 
ments, it  is  convenient  to  adojit  a standard,  and  the  standard 
chosen  is  1 jiart  by  weight  of  hydrogen.  The  equivalent 
weights — or  shortly,  the  e(jidvalciiix — of  other  elements  arc 
capable  of  taking  the  ])lace  in  combination  of  1 part  by 
weight  of  hydrogen  (and  frc(|uently,  moreover,  of  combining 
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with  the  same  weights  of  other  elements  that  1 part  by 
weight  of  hydrogen  combines  with).  Thus,  in  potassium 
chloride,  KCl,  38‘83  jiarts  by  weight  of  potassium  take  the 
place  of  the  1 part  by  weight  of  hydrogen  contained  in 
hydrochloric  acid,  HCl,  hence  the  equivalent  of  potassium  is 
38'83.  In  calcium  sulphate,  CaSO,,  39'71  jiarts  by  weight 
of  calcium  take  the  place  of  the  2 parts  by  weight  of 
hydrogen  contained  in  sulphuric  acid,  H.^SOj,  hence  the 


equivalent  of  calcium  is 


39-71 


19-855.  In  bismuth  nitrate. 


Bi(N()3)3,  207-3  parts  by  weight  of  bismuth  take  the  place 
of  3 parts  by  weight  of  hydrogen  in  three  molecules  of  nitric 

207-3 

acid,  3HNO3,  hence  the  equivalent  is  - = G9-1,  and  so 


on. 

The  number  expressing  the  ecjuivalent  weight  is  thus 
sometimes  the  same  as  the  atomic  weight,  sometimes  it  is  one- 
half  the  atomic  weight,  sometimes  one-third,  and  so  on.  In 
other  words,  an  atom  of  another  element  may  be  capable  of 
taking  the  place  of  (or  of  combining  with)  : — («)  one  atom  of 
hydrogen  (an  atom  of  potassium,  for  example)  ; (/>)  two  atoms  of 
hydrogen  (an  atom  of  calcium,  for  example)  ; (c)  three  atoms  of 
hydrogen  (an  atom  of  bismuth,  for  example)  ; and  so  on.  The 
j)ower  possessed  by  the  atoms  of  other  elements,  of  replacing 
or  of  combining  with  different  numbers  of  hydrogen  atoms, 
has  been  called  the  alomiciti/,  or  combining  ccij)CiciLij,  or  qnanli- 
valence,  or,  perhaps  more  commonly,  the  vnh-ncij  of  the 
elements. 

The  number  rej)resenting  the  valency  of  an  element  may 
be  ascertained  by  observing  the  number  of  hydrogen  atoms 
which  it  is  capable  of  replacing,  or  with  which  it  is  capable 
of  combining ; also,  by  observing,  for  example,  the  number 
of  atoms  of  chlorine  with  which  it  is  capable  of  combining 
— each  atom  of  chlorine  being  regarded  as  of  the  same 
valency  as  hydrogen,  because  each  atom  of  chlorine  combines 
with  one  atom  of  hydrogen. 

For  example,  potassium  (K),  calcium  (Ca),  bismuth  (Bi), 
and  carbon  (C),  are  regarded  as  nnira/ent,  biralcnl,  Irivn/cnl, 
and  quad  rival  en  I,  respectively,  became  they  form  chlorine 
corni)ounds  represented  by  the  formuhe  KCl,  CaC'l.,,  BiCI,,, 
CCl,.  In  the  case  of  carbon,  CHj  is  also  known. 

\V  ith  respect  to  the  terms  cqiiiralcnl  and  vairnrg,  it  is  to  be 


58  GENERAL  PRINOIRLER  OE  OIlEAriCAL  PIITLOSOPIIY 


noted  that  they  are  applicable  to  radicals*  as  well  as  to  atoms. 
'I’hus  in  calcium  sulphate,  CaSO ,,  the  radical  SO^  is  ecjuivalent 
to  (N()y)o  in  calcium  nitrate,  Ca(NO,j).„  or  to  Cl^  in  calcium 
cldoride,  C'aCl.,,  since  it  is  capable  of  combining  with  the  same 
thing,  i.c.,  with  one  atom  of  calcium.  SO^  is  a bivalent 
radical,  wliile  both  NO.,  and  Cl  are  univalent. 

It  is  sometimes  convenient  to  indicate  the  valency  of  a 
metallic  radical  by  j)lacing  after  it  an  appropriate  number 
of  dots,  tlnis  : Mg  " ; and  similarly  the  valencj-  of  an  acid 
radical  may  be  indicated  by  an  appro])riate  number  of 
dashes,  thus  : I’t),'". 

Bases,  Acids,  and  Salts.-  In  order  to  give  the  student 
some  familiarity  with  these  classes  of  chemical  substances, 
and  so  to  prepare  him  the  better  to  understand  the  use  of 
tin*  words  base,  acid,  .sail,  and  the  iVetpient  references  to  these 
substances  in  the  immediately  succeeding  portions  of  this 
Manual,  it  is  desirabh',  before  concluding  the  discussion  of 
the  general  principles  of  chemistry,  to  make  some  general 
statements  regarding  these  important  groups. 

Bases. — There  are  two  principal  classes  of  compounds 
wliich  behave  as  bases,  and  possess  in  a more  or  less  marked 
degree  the  properties  of  these  substances,  as  described  further 
on.  These  two  classes  embrace  : — 

1.  The  basic  oxides  and  hydroxides  of  the  metals. 

Exam])les  — Calcium  oxide  ((piicklime)  CaO  ; cal- 
cium hydroxide  (slaked  lime)  Ca(()H)._, ; aluminium 
hydroxide  Al(OH)., ; ferric  oxide  Ee^().j,  etc. 

2.  yVmmonia,  NH^,  and  the  substituted  ammonias  (such  as 

metliylamine,  NH.,CH.j;  dimethylamine,  NH(CH3)^  ; 
aniline,  NH„C,.Hr,,  etc.);  also  a large  number  of 
allied  substances,  including  the  natural  alkaloids 
(such  as  morphine  Cj-H^^NO^,  H^O ; strychnine 
etc.). 

There  are  grounds  for  supposing  that  all  substances 
which  exhibit  the  characters  of  bases  are  hydroxide.s, 
and  that  those  compounds  belonging  to  the  above  two 

* Tlie  name  radical  is  very  often  used  in  cliemistry  to  designate  a' 
group  of  atoms  wliich  is  common  to  a number  of  compounds,  and  is 
capable  of  being  transferred  from  one  ( oni] omul  to  another  without 
itself  breaking  uii. 
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classes  which  are  not  liydroxides  to  begin  with,  must 
interact  with  water,  so  as  to  yield  hydroxides  before  their 
capacity'  to  behave  as  bases  is  developed.  Thus  it  is 
probable  that  quicklime  is  not  itself  a base,  but  that  tlie 
actual  base  is  slaked  lime  (calcium  hydroxide),  which  is 
formed  by  the  interaction  of  quicklime  witli  water — 

Ca()  + HT)  = Ca(OH),; 

and  that  ammonia  only  attains  basic  properties  when  it 
has  interacted  with  water  to  form  ammonium  hydroxide — 

NH3+H,0  = NH^()H. 

Properties  of'  Bases. — Those  bases  which  dissolve  easily  in 
water  yield  solutions  possessing  an  alkaline  reaction,  that  is, 
their  solutions  exhibit  the  property'  possesscal  by  solutions 
of  the  alkalies  (potassium  hydroxide,  KOH,  and  sodium 
hydroxide,  XaOH,  which  are  themselves  basie  hyxlroxides, 
see  pages  68  and  86)  of  turning  red  litmus  paper  blue,  of 
browning  yellow  turmeric  paper,  etc.  Solutions  of  some  of 
the  most  easily  soluble  bases,  such  as  potassium  and  sodium 
hydroxides,  possess  an  unpleasant  taste,  resembling  that  of 
soapy  water.  (As  a matter  of  fact,  the  taste  of  soapy  water 
is  chiefly  due  to  the  presence  of  one  or  other  of  these 
hydroxides  in  small  quantity.) 

liases  interact  with  acids  to  form  salts.  This  statement 
is  true  generally,  but  it  requires  qualification  in  so  ffir  that 
there  are  some  bases  which  (usually  on  account  of  their 
insoluble  character)  are  not  acted  upon  by'  certain  acids. 
When  bases  interact  with  acids,  the  formation  of  salts  is 
accom])anied  by  the  formation  of  water — 

Ca(OH),  + 2HC1  = CaCl.,  + 2H,() ; 

2 Al(OH),  + 8H.,SO , = Al.,(Sb.|).,  + 6 1 1.,()  ; 

NH,()H  + HC1  = NH,C1+ HT).  ' 

Acids. — Three  important  classes  of  acids  may  be  dis- 
tinguished. 1 hese  classes  do  not  exhibit  many  prominent 
differences  in  character,  although  they'  differ  considerably' 
in  their  general  chemical  relatioTis.  The  three  classes 
are : — 

1.  Acids  which  may  be  regarded  as  derived  from  acid 
oxides,  or  acid  aidiydridcs,  by  the  action  of  water. 
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TIius  sulphuric  anhydride  when  treated  with  water 
yields  sulphuric  acid  : 

S()3+H.p  = H2SO^ 

(The  majority  of  the  more  important  acid  anhydrides 
are,  as  the  student  will  learn  later,  oxides  of  non- 
metallic  elements.)  All  the  acids  belonging  to  this 
class  contain  oxygen. 

2.  Acids  which  do  not  contain  any  oxygen  in  their 

composition.  The  best  examples  are  the  halogen 
acids — Hydrochloric  acid,  HC'l ; hydrobromic  acid, 
Hllr;  hydriodic  acid,  HI;  and  hydrofluoric  acid, 
HF. 

3.  A large  number  of  organic  acid.s,  all  containing  carbon, 

hydrogen,  and  oxygen,  eitirer  along  with,  or  without 
otlier  elements.  Examples — Oxalic  acid,  HoC.,0^  ; 

acetic  acid,  H^C.^O^ ; benzoic  acid,  H^CkO^,  ; chlor- 
acetic  acid,  H^C.jO.jCI,  etc. 

Propcrticx  of  Acids. — The  majority  of  acids  dissolve  readily 
in  water.  The  aqueous  solutions  in  most  cases  possess  the 
acid  reaction,  that  is,  they  redden  blue  litmus  paper.  They 
also  posse.ss  a characteristic  sour  taste,  as  in  the  familiar 
cases  of  tartaric  acid  (the  acid  of  unripe  gra]>es),  acetic 
acid  (the  acid  present  in  vinegar),  etc. 

All  acids  contain  hydrogen  as  an  essential  constituent. 
'I'his  hydrogen  is  replaceable,  in  some  cases  wholly,  in 
some  onlj'  partially,  by  metals,  or  by  groups  of  atoms 
(radicals)  which  j)lay  the  part  of  metals.  The  substances 
produce(l  by  such  replacement  are  called  sails.  They  are 
formed,  as  has  already  been  stated,  by  the  interaction 
of  bases  and  acids,  with  the  simultaneous  ju'oduction  of 
water. 

Salts. — Salts  are  comj)ounds  which  may  all  be  regarded 
as  made  up  of  metal,  or  of  a radical  which  plays  the  part 
of  metal — such  metal  or  radical  forming  the  metallic  or  basic 
radical — united  to  an  atom,  or  grou])  of  atoms,  which  con- 
stitutes the  acid  radical.  The  metallic  radical  of  the  salt 
takes  the  place  of  the  hydrogen  of  the  acid,  or  of  a part 
of  it;  the  acid  radical  of  the  salt  is  common  both  to  the 
salt  and  to  the  acid  from  which  it  is  derived.  In  a sense, 
the  acids  are  themselves  salts.  'I'hey  closely  resemble  salts 
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ill  several  particulars,  and  they  are  frequently  called  hydro- 
gen sails.  An  alkaloid  unites  with  the  whole  of  an  acid. 

Salts  are  produced  in  various  other  ways,  as  well  as  by 
the  interaction  of  bases  and  acids.  A common  instance  of 
this  is  seen  in  the  formation  of  salts  by  the  interaction  of 
metals  and  acids.  Thus  the  best  way  to  prepare  silver 
nitrate  is  to  treat  silver  with  nitric  acid. 

The  following  classes  of  salts  are  distinguished  : — 

Xetilral  Sails. — These  salts  when  dissolved  in  water  yield 
solutions  which  show  neither  the  acid  nor  the  alkaline  re- 
action. Examjiles  of  neutral  salts — Sodium  cliloride,  NaCl ; 
potassium  sulphate,  K.,SO , ; etc. 

Normal  Sails. — ^This  name  is  aj)plied  to  salts  which  are 
formed  when  the  whole  of  the  replaceable  hydrogen  of  an 
acid  is  replaced  by  a metal.  Normal  salts  are  frequently 
neutral  also,  but  they  are  not  necessarily  so.  Examples  of 
normal  salts — Potassium  sulphate,  K.,SOj ; sodium  carbonate, 
NaX’O,. 

Acid  Sails. — Salts  which  contain  some  of  the  replaceable 
hydrogen  of  the  original  acid  unreplaced  by  metal,  are  called 
acid  salts.  They  are  intermediate  in  composition  between 
the  acid  and  the  normal  salt.  Thus  potassium  hydrogen 
sulphate,  KHSO,  (an  acid  salt),  is  intermediate  between 
sulj)huric  acid,  H^SOj,  and  normal  potassium  sulphate,  K„SO ,. 
Acid  salts  possess  the  acid  characler,  in  so  far  that  they  still 
contain  liydrogen  of  the  origin'al  acid,  which  is  replaceable 
by  metal  to  form  a normal  salt.  They  do  not,  however, 
necessarily  show  the  acid  reaction  with  litmus. 

Ba,sic  Sails. — Salts  which  are  intermediate  in  composition 
between  basic  oxide  or  hydroxide  and  normal  salt,  are  called 
basic  salts.  Thus  bismutli  oxychloride,  BiOCl  (a  basic  salt), 
is  intermediate  between  basic  bismuth  oxide,  Bi.,0.„  aiul 
normal  bismuth  chloride,  BiCl.,.  Basic  salts  possess  the 
basic  character,  in  so  far  tliat  they  still  contain  oxygen  of 
the  basic  oxide,  or  hydroxyl  (OH)  of  the  basic  liydroxide, 
wliich  is  replaceable  by  an  acid  radical  to  form  a normal  salt. 
A large  number  of  basic  salts  are  insoluble  in  water,  and 
cannot  therefore  show  any  reaction  with  litmus. 

Basicity  of  Acids,  and  .Icidily  of  Bases. — Acids  are  called 
monobasic,  dibasic,  tribasic,  etc.,  according  as  they  contain 
in  their  molecules  one,  two,  three,  etc.,  hydrogen  atoms  dis- 
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j)lace;ible  by  metals.  Polybasic  acids  contain  several  displace- 
able hydrogen  atoms.  Bases  are  called  mono-acid,  di-acid, 
tri-acid,  etc.,  according  as  the  acid  radical  from  one,  two, 
three,  etc.,  molecules  of  a monobasic  acid  enters  into  tlie  com- 
position of  tlie  normal  salts  derived  from  them. 

J'aiiiations  illustrating  basicity  of  acids  : 

HNO.,-f  KOH  = KNO.5  + H.,C) 

M.,S(),  -I-  2KOH  = K„S'0,  -L  2H.,() 
h'pO,  -t-  3 KOI  I = k‘ PO,  + 3 H/) 

Kcpiations  illustrating  acidity  of  bases: 

K0H-fH('1  = KC1  + 1I„0 
Ca(0 1 1 ).,  -F  2 M Cl  = CaCI,,  + 21 1.,0 
Bi(()M),“+  31  ICl  = BiCla  + 311,0 

Electrolysis. — When  a current  of  electricity  is  j)assed 
through  a dilute  .solution  of  suljdiuric  acid,  by  introducing 
into  the  solution  e/eclrodex  (whicli  may  consist  conveniently 
of  strij)s  of  ))latinum  foil)  connected  with  the  wires  leading 
from  a sufliciently  powerful  battery,  liydrogen  is  given  off 
at  the  electrode  connected  with  the  negative  pole  of  the 
battery,  and  oxygm  at  that  connected  with  the  positive  jiole. 
'J'hese  gases  are  given  off  in  the  j)roportions  in  which  they 
combine  to  form  water,  and  the  experiment  at  first  sight 
appears  to  be,  and  is  sometimes  simjdy  called,  tlie  elect rolijxls 
(that  is,  the  decomposition  by  a current  of  electricity)  of 
water.  'I’he  sulphuric  acid,  however,  altliough  its  quantity 
remains  the  same  at  the  end  of  the  experiment  as  it  was  at 
the  beginning,  obviously  ])lays  an  important  part  in  the 
jn'oeess,  because  in  its  absence  scarcely  any  current  passes, 
and  eorresjmndingly  little  water  is  decomposed.  The  nature 
of  the  chemical  change  which  takes  place  may  be  rej>resented 
as,  in  tlie  first  place,  the  liberation,  from  the  acid,  of  h}'dro- 
gen  at  the  one  electrode  and  of  the  acid  radical — the  group 
80^ — at  the  other.  But  the  acid  radical  (SO,)  is  unknown 
as  a separate  sub.stance,  and  is  probably  incapable  of  existence 
as  such  ; hence,  at  the  moment  of  its  liberation,  it  inter- 
acts with  water  of  the  solution,  taking  its  hydrogen  to 
form  sulphuric  acid  again,  and  liberating  its  oxygen. 
These  changes  may  be  illu.straled  diagrammatically  as 
follows  : — 
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(«)  As  the  first  result  of  electrolysis,  11., SC),  j ields : — 

At  the  negative  electrode.  i At  the  positive  electrode. 

HH*  [SO,] 

(/;)  Further  change  : 

[S()|]  and  H.,Ot  give  11., SO,  and  O* 

Accordingly,  the  final  result  of  the  change  is  that  water 
molecules  are,  by  this  indirect  meams,  decomposed  into 
hydrogen  and  oxygen,  while  the  sulphuric  acid  remains  in 
undiminished  quantity  at  the  end  of  the  experiment. 

A case  nearly  analogous  with  the  preceding  one  is  that 
of  the  electrolysis  of  a solution  of  sodium  sulphate.  In  this 
case  also,  hydrogen  and  oxygen  are  given  off  in  the  })ropor- 
tions  in  which  they  are  present  in  water.  It  may  be  rej)re- 
sented  that  the  sodium  sulj)hate  is  first  separated  into  sodium 
and  the  acid  radical  of  the  sulphates,  Na.,SO,  yielding  : 

At  the  negative  electrode.  | At  the  positive  electrode. 

Na  Na 

But  in  this  instance  the  sodium  as  well  as  the  acid  radical 
enters  into  a new  reaction  with  water  t)f  the  solution  and 
the  following  further  changes  occur  : 

3Na  and  2H.,()  give  I H.,0  give 

2Xa()ll  ami  H.,.  H.,SO,  and  O. 

In  light  of  the  foregoing  mode  of  representing  the 
electrolysis  of  sodium  sulphate,  it  would  appear  that  sodium 
hydroxide  is  produced  at  the  negative  pole  in  addition  to  the 
hydrogen  ; and  that  sulj)huric  acid  is  produced  at  the  positive 
l)ole  in  addition  to  the  oxygen.  This  is  indeed  found  to  be 
the  case,  and  may  ea.sily  be  demonstrated  by  testing  the 
liquid  in  the  immediate  neighbourhood  of  the  two  electrodes. 


* Single  atoms  of  hydrogen  and  of  oxygen  liberated  in  this  way  ;it 
the  re.spective  electrodes  unite  with  each  other  in  pairs  to  form  m'ole- 
etdes  of  gaseous  hydrogen,  H.,,  and  oxygen,  ().,  (or  the  oxygen  atoms 
may  to  some  extent  unite  in  groups  of  three"  to  form  molecules  of 
ozone,  Og  ; nee  Index). 

t Ihe  group  (SO^)  may  also  he  regarded  as  interacting  with  two 
water  molecules  to  form  11., .St),  and  two  (Oil)  groups,  which  latter  are 
then  supposed  to  interact,  with  the  form.ation  of  water  and  oxygen  : 


Oil  1 
on  i 


l-so.l 


noil 

non 


IF, .so 


n o I-  o 
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by  means  of  litmus  papers,  during  tlie  passag'e  of  the  current. 
VVhilst  the  sodium  sulphate  solution  is  itself  neutral,  the 
licpiid  at  the  negative  pole  is  found  to  be  alkaline,  and  that 
at  the  positive  j)ole  is  found  to  be  acid.  It  is  to  be  noted, 
moreover,  that  the  quantity  of  sodium  hydroxide  formed  at 
the  negative  electrode  is  exactly  the  quantity  required  to 
interact  witli  the  whole  of  tlie  sulphuric  acid  formed  at  the 
positive  electrode,  to  form  sodium  suljihate  again  (neutral 
solution)  in  accordance  with  tlie  equation, 

2Na()H  + H,SO.j  = Na,SO.,  + 2H,0 

so  LliaL  when  the  solution  is  thoroughly  mixed  up  sodium 
sulj)hate  is  present  in  it  in  undiminished  (jiiantit}^. 

Other  salts  in  acpieous  solution  (or  in  the  fused  state  if 
they  stand  fusion  without  undergoing  decomposition)  can 
also  l)e  electrolysed.  'I'he  metal  of  tlie  salt,  or  that  which 
plays  the  jiart  of  metal,  is  separated  at  the  negative  electrode, 
and  the  acid  radical  at  the  positive  electrode.  Substances 
which  are  capable  of  decomposition  by  electrolysis  are  called 
cleclralytes.  When  the  first  products  of  the  electrolysis  are 
capable  of  existence  in  the  conditions  under  which  they  are 
l)roduccd,  then  these  are  the  products  obtained.  Secondary 
changes  arc,  however,  of  freijuent  occurrence,  as  in  the 
foregoing  illustrations. 

In  regard  to  their  electrolysLs,  the  .acids  (hydrogen  salts) 
bch.ave  in  a m.anner  exactly  analogous  with  the  behaviour  of 
other  salts. 

The  po.sitive  electrode  is  often  called  the  anode,  and  the 
negative  electrode  the  cathode  (ava,  ana,  upward  ; /cara,  kata, 
downward  ; oSos,  liodos,  way).  Metals  and  hydrogen  are  set 
free  at  the  cathode,  and  acid  radicals  and  oxygen  at  the  anode. 

It  has  been  found  that  the  qu.antity  of  an  electrolyte 
which  undergoes  decomposition  by  electrolysis  is  directly 
))ro})ortional  to  the  amount  of  current  passed  through  it. 
Further,  it  has  been  found  that  the  (juantities  of  hydrogen, 
and  the  quantities  of  oxygen  liberated  in  a given  time  from 
dilute  solutions  of  sulphuric  acid,  of  sodium  sulphate,  and 
of  j)otassium  sulphate,  when  the  current  is  passed  simultanc- 
ou.sly  through  all  three  solutions,  ;ire  the  s.ame  for  each 
solution.  Similarly  the  quantities  of  copjier  separated  from 
two  or  more  different  cupric  salts  under  like  co]iditions  are 
identical  : and  the  same  kind  of  regularity  holds  good  for 
other  metals  and  acid  radicals. 


ELECTROLYSIS 


65 


In  recent  yc:ii'.s  electrol3’tic  methods  have  been  exten- 
sivel)'  introduced  for  the  technical  production  of  chemical 
compounds,  for  the  separation  of  metals,  etc.  References  to 
the  preparation  of  a number  of  substances  by  these  methods, 
are  made  in  various  ])lacesin  this  Manual.  See,  for  example, 
under  potassium  chlorate,  sodium  hydroxide,  iodoform,  alumin- 
ium, sodium,  etc. 

Oxygen  and  hydrogen,  when  liberated  from  combination 
in  immediate  contact  with  substances  with  which  thej^  are 
capable  of  interacting  to  yield  products  of  oxidation  and 
reduction  (reduction  = deoxidation  or  removal  of  oxygen),  are 
found  to  be  much  more  active  towards  these  substances  than 
they  are  if  jirepared  in  separate  vessels  and  subsequently 
brought  into  contact  with  them.  The  special  activity  of 
such  nascent  {i.e.,  newly  formed)  oxygen  and  hydrogen,  has 
been  attributed  to  the  action  of  atoms  of  these  elements, 
which  enter  into  other  reactions  without  combining  in  pairs 
to  form  oxygen  and  hj’drogen  molecules.  Various  electro- 
lytic and  other  oxidations,  reductions,  etc.,  are  aj)parentl3' 
due  to  the  action  of  nascent  oxygen,  nascent  hydrogen, 
nascent  chlorine,  etc.  In  a number  of  cases  in  later  parts 
of  the  Manual,  where  equations  are  given  in  w'hich  the  action 
of  nascent  hj'drogen,  etc.,  is  represented,  the  atomic  symbols, 
H,  O,  etc.,  are  used  instead  of  the  molecular  formulae,  H.„ 
0„  etc. 

The  .student  is  recommended  to  read  the  foregoing  paragraphs 
on  the  General  Principles  of  Chemical  Philosophy  carefully  once 
or  twice,  then  to  study  (^experimentally,  if  possible')  the  following 
Jiages,  returning  to  and  reading  over  the  Genera!  Principles  from 
lime  to  time,  until  they  are  thoroughly  comprehended. 


QUESTION’S  AND  EXERCISES 

What  do  you  understand  by  chcinical  clianges? — Give  examples 
of  chemical  and  physical  changes. — Mention  some  of  the  chief  pheno- 
mena which  accomi)any  typical  cases  of  chemical  change.— What  is 
the  difference  between  an  element  and  a compound  ? — What  do  you 
understand  by  the  term  “ chemical  affinity  Name  the  chief  laws 
of  chemical  combination. — State  the  law  of  constant  proportions. — 
State  the  law  of  mnltiple  proportions. — Sbite  the  law  of  gaseous 
volumes.—  Give  an  outline  of  the  atomic  theory,  ex)>laining  what  is 
understood  by  the  terms  “atom”  and  “ molecule.” — What  is  Avogadro’s 

!•: 


66 


THE  ELEMENTS  AND  THEIR  COMPOUNDS 


hypothesis  ? — Explain  why  hydrogen  molecules  are  assumed  to  con- 
sist of  two  hydrogen  atoms  each. — What  relation  exists  between  the 
relative  densities  and  the  molecidar  weights  of  gases  ? — What  is  the 
“gramme  molecule”? — Explain  how  Avogadro’s  hypothesis  may 
be  applied  in  the  fixing  of  atomic  weights. — State  the  law  of  Dulong 
and  Petit,  and  explain  how  it  may  be  of  service  in  fixing  atomic 
weights. — Enumerate  the  functions  of  a chemical  symbol  and  of  a 
chemical  formula. — Write  equations  representing  the  fonnation  of 
hydrogen  by  the  interaction  of  zinc  with  hydrochloric  acid  and  with 
sulphuric  acid. — Mention  the  characters  of  bases  and  of  acids,  and 
describe  the  general  nature  of  the  interaction  of  bases  and  acids  in 
forming  salts. — What  are  neutral  salts,  normal  salts,  acid  salts,  basic 
salts?  Give  examples. — Define  electrolysis,  electrolyte,  electrode. — 
What  do  you  understand  by  “nascent”  hydrogen? — Name  some 
important  substances  which  are  now  prepared  on  the  manufacturing 
scale  by  electrolytic  methods. 


'HIE  ELEMENTS  AND  THEIR  COMPOUNDS 

Having  tlms  obtained  a general  idea  of  the  nature  of 
some  of  the  non-inetallic  elements  which  have  special  interest 
for  the  medical  and  pharmaceutical  student,  and  of  the 
fundamental  principles  of  chemistry,  we  may  pass  on  to  con- 
sider in  detail  the  relations  of  the  elements,  both  non-metallic 
and  metallic,  to  each  other.  The  elements  themselves,  in  the 
free  condition,  are  seldom  used  in  medicine,  being  nearly 
always  in  combination — bound  together  by  the  force  of 
chemical  ailinity  ; in  this  combined  condition,  therefore,  they 
must  be  .studied,  inorganic  combinations  first,  organic  after- 
wards. Most  compounds  met  with  in  the  mineral  kingdom 
may  be  regarded  as  containing  two  parts  or  radicals : — the 
one  usually  metallic  ; the  other  commonly  a non-metallic, 
simple  or  complex,  acid  radical.  In  the  following  pages  the 
metallic  radicals  will  be  considered  first,  the  acid  radicals 
afterwards.  Each  radical  will  be  studied  from  two  points  of 
view,  the  synthetical  and  the  analytical  ; that  is  to  say,  the 
properties  of  an  element  on  which  the  preparation  of  its 
compounds  depends  will  be  illustrated  by  descriptions  of 
actual  experiments,  and  thus  a knowledge  of  the  principles 
of  chemistry  and  of  their  applications  to  medicine  and 
pharmacy  be  acquired;  then  the  reactions  by  which  the 
element  is  detected,  though  combined  with  other  substances, 
will  be  performed,  and  so  the  student  will  be  instructed  in 
([ualitative  analysis.  Synthetic.al  and  analytical  reactions 
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are,  in  truth,  frequently  identical,  the  object  with  which 
they  are  performed  giving  them  synthetical  interest  on  the 
one  hand,  or  analytical  interest  on  the  other. 

A good  knowledge  of  chemistry  may  be  acquired  syn- 
thetically by  prei)aring  considerable  (piantities  of  the  salts  of 
the  different  metals,  or  analytically  by  going  through  a course 
of  pure  qualitative  analysis.  But  the  former  jjlan  demands  a 
larger  expenditure  of  time  than  most  students  have  to  spare, 
while  under  the  latter  system  pupils  generally  lose  sight  of 
the  synthetical  importance  which  attaches  to  analytical  re- 
actions. Hence  the  more  useful  system,  now  offered,  of 
studying  each  metal,  etc.,  from  both  points  of  view,  time 
being  economised  by  the  operator  preparing  only  small 
specimens  of  compounds. 


Xule. — As  a general  rule,  throughout  this  Manual  para- 
graphs describing  experiments  to  be  performed  are  distin- 
guished from  paragraphs  containing  matter  merely  to  be  read, 
by  being  printed  in  somewhat  more  widely-spaced  type. 
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Occurrence,  etc. — The  chief  sources  of  the  potassium 
salts  are  the  chloride  found  at  Stassfurt,  in  Prussia,  com- 
bined with  magnesium  chloride  in  the  mineral  CanutUile, 
KCl,MgCl.,,GH.,() ; Kainite,  a double  potassium  and  magnesium 
sulphate  with  magnesium  chloride,  K,,SO^,MgSO^,MgCI.„Gf  l.,(), 
also  occurring  among  the  Stassfurt  minerals;  the  nitrate 
found  in  soils,  especially  in  warm  countries ; and  the  com- 
pounds of  i)otassium  existing  in  plants.  The  potassium  salts 
present  in  plants  are  converted  chiefly  into  carbonate  when 
the  wood  or  other  parts  are  burnt  to  ashes.  If  the  ashes  be 
lixiviated  with  water,  and  the  solution  evajiorated  to  dryness, 
I the  residue  when  fused  constitutes  crude  polu.'iJics.  The  residue 
calcined  on  the  hearth  of  a reverberatory  furnace  till  white. 
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pjives  the  product  termed  pearlaah,  wliich  is  impure  potassium 
carljonatc.  Large  (piantities  of  j>otassium  carbonate  are  thus 
])roduccd  in  North  America  and  Russia,  and,  latterlj",  from 
tlie  sugar  beetroot  marc,  in  France.  Nearly  all  other  potas- 
sium compounds  arc  made  from  tlie  native  chloride,  or  from 
the  carbonate  wliich  has  been  purified  by  treating  pearlash 
with  its  own  weight  of  distilled  water,  filtering,  and  evaporat- 
ing the  solution  so  formed  just  to  dryness,  while  it  is  kept 
briskly  agitated.  Exceptions  occur  in  potassium  nitrate,  and 
in  cream  of  tartar  (^Potaxxii  Tnrlrax  Acidiix,  13.  P.),  which  is  the 
more  or  less  purified  natural  jiotassium  salt  of  the  grape  vine. 
Potassium,  in  the  form' of  one  or  other  of  its  compounds,  is  a 
constituent  of  between  forty  and  fifty  chemical  or  galenical 
prejiarations  of  the  British  Pharmacopoeia. 

Prcpmdlion.  — Potassium  itself  is  isolated  by  distilling  a 
mixture  of  potassium  carbonate  and  charcoal  at  a very  high 
temperature,  or  by  Castner’s  method  (xec  Sodium).  It  rapidly 
undergoes  oxidation- in  the  air,  hence  is  usually  kept  below 
the  surface  of  mineral  naphtha  which  protects  it  from  oxida- 
tion. It  cry.stallizes  in  octahedra. 

Potassium  carbonate  (Polaxxii  Carhomix,  B.P.),  is  a Avhitc 
crystalline  or  granular  jiowder,  insoluble  in  alcohol  hut  very 
soluble  in  water,  yielding  a solution  which  is  alkaline  and 
caustic  to  the  taste.  It  rapidly  litpiefies  in  the  air  through 
absorption  of  moisture.  It  loses  all  water  at  a red  heat. 

Potassium  Hydroxide.  Caustic  Potash 

K-rperimeut  1. — Boil  together  for  a few'  minutes,  in  a basin, 
ten  to  twenty  grains  of  potassium  carbonate,  K^COy,  and  a 
like  (piantity  of  calcium  hydroxide  (slaked  lime),  Ca(OH)o, 
with  a small  ejuantity  of  water.  Set  the  mixture  aside  in  a 
closed  vessel  till  all  solid  matter  has  subsided. 

The  clear  liejuid  is  a solution  of  potassium  hydroxide  or 
caustic  potash,  KOH.  Made  of  a prescribed  concentration 
(27  grains  in  each  fluid  ounce,  or  nearly  G per  cent.)  it  forms 
Lujiior  Poluxxiv,  B.P. 

The  mixture  is  know'ii  to  have  been  boiled  long  enough 
when  a little  of  the  clear  liquid,  poured  into  a test-tube  and 
warmed,  gives  no  effervescence  on  the  addition  of  an  acid 
(sulphuric,  hydrochloric,  or  acetic) — a test  the  mode  ol 
action  of  which  w ill  he  explained  hereafter. 
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Solid  CtiKslic  Potash. — Solution  of  cvuislic  j)ol;i.sh  evapor- 
ated to  dryness  in  a silver  or  clean  iron  vessel,  and  the  residue 
fused  and  poured  into  moulds,  constitutes  caustic  potash 
(Potassa  Causlka,  B.P.).  It  often  contains  chlorides,  detected 
by  means  of  silver  nitrate  ; and  sulphates,  detected  by  means 
of  a barium  salt ; as  described  subsequently  in  connection 
with  hydrochloric  and  sulphuric  acids. 

Ucprescnling  Chemical  Changes  t>i/  means  of  luj na lions  and 
Diagrams. — It  is  desirable  that  the  student  should  endeavour 
to  represent  each  chemical  change  that  comes  under  his 
notice  by  means  of  an  equation  or  diagram.  The  mode  of 
constructing  such  equations  and  diagrams  has  been  explained 
already,  and  the  student  is  aware  that  the  chief  data  required 
for  their  construction  are  the  formulfe  of  the  various  sub- 
stances which  enter  into  and  are  produced  by  the  particular 
changes  under  consideration.  Thus,  solution  of  potassium 
carbonate  and  calcium  hydroxide  interact  when  boiled  together 
to  produce  calcium  carbonate  and  potassium  hydroxide.  It 
is  necessary  to  know  the  formula'  for  all  these  substances 
before  an  e<[uation  or  diagram  can  be  constructed  to  repre- 
sent the  interaction.  The  recpiired  formula'  are  respectively, 
K^CO^  Ca(()H).„  CaCO.j,  and  KOH.  A few  moments’  reflec- 
tion should  enable  the  student  to  perceive  that  in  order  that 
CaCO,  may  be  built  up  from  Ca(OH)^  and  K.JCO3,  latter 
of  these  two  must  give  up  while  the  former  must  give  up 
(OH)^, ; and,  further,  in  order  that  the  and  the  (OH).,  may 
l)c  conceived  as  forming  a substance  having  the  formula  KOH, 
it  must  be  supposed  tliat  these  materials  unite  to  form  two 
KOH  grouj)s. 

diagram  representing  the  change  can  then  be  con- 
structed easily  thus: — 


OH 

K i 

Ca 

CO,,, 

OH 

K 

or  an  equation  written  thus: — 

Ca(OH)_,  -1-  KT'Oj  = 

CaCO,  2KOH 

1 he  interaction  re])resentcd  l>y  the  above  diagram  and 
ccpiation  is  an  instance  of  tliat  kind  o(  chemical  change 
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commonly  called  double  dccomiMsiUon , the  two  metallic  radicals 
exchanging  places.  The  name  metathesis  Qx^ra,  meta,  beyond, 
and  diCTLs,  thesis,  a placing)  is  sometimes  given  to  inter- 
actions of  this  descri|)tion. 

At  the  same  time  that  the  student  is  constructing  these 
diagrams  and  equations  for  himself,  he  will  carefully  bear  in 
mind  that  each  formula  stands  for  a definite  quantity  of  the 
substance  which  it  represents ; and  that,  by  adding  up  the 
(luantities  thus  indicated  by  the  formuhe  constituting  an 
eciuation,  he  can  readily  ascertain  the  proportions  by  weight 
in  which  the  substanees  interact  and  result  from  interaction. 


Sulphurated  Potash 

hrperimeut  2. — Into  a test-tube  put  a few  grains  of  a 
mixture  of  previotishj  dried  potassium  carbonate  and  half 
its  weight  of  sulphur.  Heat  the  mixture  gradually  until  it 
no  longer  effervesces.  The  resulting  fused  mass  poured  on 
a slab  and  (juickly  bottled  is  sulphurated  potash  (Potassa 
Su/phurata,  B.P.). 

3K/X)3  + 4S,  = -t-  2K,S3  • -1-  3CO., 

PoUis.siiiiii  Hulpluir  I’ota.sHiui'ii  PotasHiniii  Carboiiu; 

carboiiala  Uiiosuli)liato  trisulpliiiie  anliyclrido 

As  met  with  in  pharmacy,  this  substance  is  not  a single 
definite  chemical  compound,  but  a mixture  of  several ; in 
short,  its  chemical  character  is  well  indicated  by  its  vague 
name.  When  fresh,  and  if  carefully  prepared  with  the 
oflicial  proportions  of  dry  ingredients,  it  is  of  the  colour  of 
liver  (whence  the  old  name  “liver  of  suljjhur”),  and  consists, 
as  shown  by  J.  Watts,  of  the  salts  mentioned  in  the  fore- 
going equation,  together  with  a little  undecomposed  potas- 
sium carbonate,  with  perhaps  higher  potassium  sulphides 
(K„S^  and  K.,S(j).  By  rapidly  absorbing  oxygen  from  the  air, 
it  soon  becomes  green  and  yellow,  potassium  sulphite,  K.jSO^, 
and  sulphate,  K.,SO.,,  being  successively  formed,  and  ulti- 
mately a useless  mass  of  a dirty  white  colour  results,  con- 
sisting of  potassium  sulphate  and  thiosulphate^  with  generally 
some  carbonate  and  free  sulphur.  Moreover,  if  overheated 
in  manufacture,  the  potassium  thiosulphate  is  decomposed 
into  sulphate  and  pentasulphide  (dK^S.^Og  = 3K3S(), -f  K^S-). 
About  fifty  per  cent,  of  the  freshly-made  preparation  should 
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be  soluble  in  alcohol  (90  per  cent.).  It  is  occasionallj'  em- 
ployed in  the  form  of  ointment. 

The  complicated  nature  of  the  interactions  that  take  place  in  this 
experiment  will  probably  cause  failure  in  any  attempt  by  the  student 
to  represent  these  by  means  of  a diagram  without  the  aid  of  the 
printed  equation  already  given.  He  may  therefore  content  himself,  in 
this  case,  by  introducing  into  his  note-book  a diagram  founded  directly 
on  the  equation,  and  on  the  numbers  of  molecules  there  stated. 

In  preparing  large  quantities  of  sulj)hurated  potash,  the 
test-tube  is  replaced  by  an  earthenware  crucible  (possibly 
from  crux,  a cross,  for  originally  a cross  was  impressed  upon 
the  melting-pot  used  by  alchemists  and  goldsmiths  ; others 
derive  the  word  from  crux,  an  instrument  of  torture,  the 
sense  here  being  symbolical). 


Flu.  10. — Crucibles  of  various  forms. 


Jlcutiug  crucibles. — Crucibles  of  a few  ounces  capacity 
may  Ik-  heated  in  an  ordinary  fire.  Larger  ones  require  a 
furnace.  Even  the  smaller  ones  are  more  conveniently  and 
quickly  heated  in  a furnace.  Half-ounce  or  one-ounce 
experimental  porcelain  crucibles  may  be  heated  in  a sjiirit- 
or  gas-flame,  the  flame  of  the  Bunsen  burner  already  described 
being  generally  the  most  suitable. 

Potassium  Acetate 

Kxperimcul  3.  —Place  twenty  grains  or  so  of  potassium 
carbonate  in  a small  porcelain  dish,  and  suhtralc  {satur,  full) 
'vith  acetic  acid  ; that  is,  add  acetic  acid  as  long  as  effer- 
vescence is  produced  ; the  resulting  liquid  is  a slightly  acid 
solution  of  potassium  acetate.  Boil  off  most  of  the  water  in 
an  open  dish  (.vcc  figs.  17  and  18,  [).  73),  stirring  with  a glass 
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rod  * to  assist  the  escape  of  water  vaj)our,  and  tliereby  j>re- 
vent  spirting ; a white  salt  remains,  which  fuses  on  the 
further  careful  application  of  heat : this  is  the  oHicial  potas- 
sium acetate  (Polnssii  Acdns,  B.P.).  If  fused  in  an  open 
vessel,  the  acetate  is  liable  to  become  slighty  charred  and 
discoloured ; this  is  prevented  by  transferring  the  solid 
residue  to  a test-tube  or  llask  before  finally  fusing.  Potassium 
acetate  forms  a white  delicpiescent  foliaceous  satiny  mass, 
neutral  to  test-paper,  and  wliolly  soluble  in  alcohol.  A ten 
l)cr  cent,  solution  in  water  forms  Solution  of  Potassium 
Acetate,”  H.P. 

K.,C(),,  H-  211CJ-l3()._,  = 2KC.,H.,()3  + II./:)  -h  CO, 

I’uUisHium  Aootic  I’ot.assimn  Water  Carbonic 

carbonate  add  acetate  anliytlrido 

E.vpiaiiatum  of  J'onnnla;. — The  formula  for  acetic  acid 
(hydrogen  acetate)  is  IIC,,H,,0.„  and  that  for  potas.sium 
acetate,  KC.,!!/).,.  The  univalent  group  or  radical,  C^II^O.,, 
is  common  to  all  acetates.  A more  e.xtended  formula  for 
j)otassium  acetate,  indicating  the  ])ossil)le  arrangement  of 
tlie  atoms  in  tlie  molecule,  is  CM.j'CO()K. 

Diaprmn  of  Hie  rearlioii. — Tlie  iiuliirc  of'  tlie  above  operation  is 
indicated  by  an  equotUm ; it  (and  succeeding  reactions)  may  be 
expressed  in  tlie  student’s  note-book  as  a diaqram,  and,  if  jwssible, 
without  the  aid  of  the  above  equation. 

Nole. — Tlie  foregoing  reaction  has  a general  as  well  as 
a special  interest.  It  repi'esents  one  of  the  commonest 
methods  of  forming  salts,  namely,  the  decomposition  of  a 
carbonate  by  interaction  witli  an  acid.  Carbonates  added 
to  acetic  acid  yield  acetates,  to  nitric  acid  nitrates,  to  snl- 
jihuric  acid  sulphates.  Many  illustrations  of  this  general 
process  occur  in  pharmacy. 

Evaporalion  of  water  from  a licpiid  is  best  conducted  in 
wide  .shallow  vessels  rather  than  in  narrow  deeji  ones,  as  the 
steam  can  thus  (|uickly  dilfuse  into  the  air  and  rapidly  be 
conveyed  away  ; hence  a small  round-bottomed  basin,  healed 

* Glass  rod  is  usually  purchased  in  lengths  of  5 or  (i  feel.  These 
mav  be  cut  into  convenient  pieces  of  from  (i  to  12  inches  long  (.tee  ji. 
fi),  sharp  ends  being  rounded  off  by  holding  the  extremities  in  a Hame 
for  a few  minutes. 
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as  shown  in  17,  is  far  more  suitable  Ilian  a lesL-Uibe  for 
such  operations.  On  the  manufacturing  scale,  iron,  or  iron 
lined  with  enamel,  or  semi-jiorcelain,  cojiper,  tinned  copper, 
or  solid  tin  pans  are  used.  U]i  to  12  or  18  inches  diameter, 
porcelain  dishes  may  be  employed.  Small  dislies  may  be 
sujiported  by  retort  stands  (fig.  17),  larger  by  cylinders 
(fig.  IS),  to  which  the  dish  is,  if  less  in  diameter  than  the 
cylinder,  adapted  by  such  flat  rings  or  diaphragms  as  are 
shown  in  the  figure. 


Potassium  Hydrogen  Carbonate.  Potassium 


/■,.il)crhiiciil  [.  -Make  a concentrated  solution  of  potassium 
carbonate  by  heating  in  a test-tube  a mi.xture  of  several 
grains  of  the  salt  with  ratheu’  less  than  an  ccpial  weight  of 
water.  ']  hrough  the  cool  solution  pass  carbonic  anhydride, 
slowly  but  continuously;  after  a time  a wliite  crystalline 
precijiitate  of  jiota.ssium  hydrogen  carbonate,  or  [lotassium 
bicarbonate,  K H C( ).j  (/'o/cw.v/f  liicarlmiKis,  B.P.),  will  be  formed. 


(ieiierate  the  carbonic  anhydride  by  adding  hydroehlorie 
<n  id,  diluted  with  twice  its  bulk  of  watei',  to  a few  fragments 
of  marble  oi  other  carbonate  contained  in  a test-tube  or 
small  flask,  and  conduct  the  gas  into  the  .solution  of  potas- 
sium carbonate  through  a glass  lube,  bent  to  a convenient 


Kiii.s.  17  aii'l  IS.  KvapuraliiJii  rroiii  Small  and  l.argt!  IJasiiis, 


Bicarbonate 


I'ota.Hsimii 

carbonate 


K,C()3 
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shape  and  fitted  to  the  test-tube  or  fiask  by  means  of  a cork 
in  the  usual  way  {sec  fig.  10,  p.  22,  though  no  heat  is  neces- 
sary).  The  tube  ma}^  be  replenished  with  marble  or  acid, 
or  both,  when  the  evolution  of  gas  is  becoming  slow.  In 
working  on  any  larger  quantity  than  a few  grains  of  the 
carbonate,  a wide  delivery-tube  should  be  emjiloyed ; or  if 
a narrow  one  is  employed,  the  end  of  it  must  occasionally 
be  cleared  from  any  bicarbonate  that  may  have  been 
deposited  in  it.  A more  economical  arrangement  of  the 
apparatus  employed  in  this  process  will  be  described  under 
the  corresponding  sodium  salt  (p.  87). 

Deposilioti  of  the  Incarhonalc  ca'phiincd.  — Potassium  bi- 
carbonate is  to  a certain  extent  soluble  in  water ; but  as  it 
is  less  so  than  the  ])otassium  carbonate,  and  as  a sahtraied 
solution  of  the  latter  is  employed,  the  preeijiitation  of  a part 
of  the  bicarbonate  inevitably  occurs.  In  other  words,  the 
(piantity  of  water  present  is  sufficient  to  dissolve  the  carbonate, 
but  insuflicient  to  retain  in  solution  the  whole  of  the  bi- 
carbonate formed  during  the  action. 

Properties. — Prepared  on  the  large  scale,  potassium  bi- 
carbonate occurs  in  colourless,  non-deliciuescent  rhombic 
prisms;  it  has  a .saline,  feebly  alkaline,  non-corrosive  taste. 
Heated  to  redness,  it  loses  about  31  per  cent,  of  its  weight, 
and  is  converted  into  potassium  carbonate,  water,  and 
carbonic  anhydride. 

2KHCO3  = KX'Og  + 11,0  + CO, 

"T98-76  137-21  l7-8S  43-G7 

The  foregoing  equation  and  accompanying,  weights  {sec 
])age  55)  show  how  potassium  bicarbonate  loses  31  per  cent. 
(17'8S -I- 43’67  in  198‘76)  when  comjiletely  decomiiosed  by 
heat. 

Notes  on  Nomcnclatnre. — The  prefix  hi-\\\  the  name  “potas- 
sium bicarbonate,”  serves  to  recall  the  fact  that  for  the  same 
quantity  of  potassium  this  salt  contains  tidcc  as  much  car- 
bonic acid  radical  as  is  jjresent  in  the  carbonate.  The  salt  is 
really  a “potassium  and  hydrogen  carbonate,”  KHCO,,  and 
is  intermediate  between  potassium  carbonate,  K^CO,,  and 
hydrogen  carbonate,  or  true  carbonic  acid  [IPCO,].  It  is 
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' {)t)ta!>sium  acid  carbonate”  or  “potassium  hydrogen  car- 
♦onate,”  and  is  an  acid  salt,  inasmuch  as  it  contains  hydrogen 
vhich  is  displaceable  by  metal  to  form  a normal  salt,  although 
t is  not  acid  to  the  taste. 

Salts  whose  specific  names  end  in  the  syllable  “ale” 
carbon«/c,  sulphrtVc,  etc.)  are  in  general  conventionally  so 
termed  when  they  contain  the  radical  (or  characteristic 
group  of  elements)  of  an  acid  whose  name  ends  in  “ ic,”  and 
from  which  acids  they  have  been  or  may  be  formed.  Thus 
:he  syllable  ‘‘ate,”  in  the  words  sulph«/c,  nitru/c,  acetfl/c,  car- 
oowate,  etc.,  indicates  that  the  respective  salts  contain  the 
•adical  of  an  acid  whose  name  ends  in  ic,  the  previous  syl- 
lables sulph-,  nitr-,  acet-,  carbon-,  indicating  what  that  acid 
is — sulphuric,  nitric,  acetic,  or  carbonic.  Occasionally  a 
letter  or  syllable  is  dropped  from  or  added  to  a word  to 
render  the  name  more  euj)honious  ; thus  the  sulphuric  radical 
forms  sulphates,  not  sulphurates,  and  the  tartaric  radical  yields 
tartrates  not  tartarates. 


Potassium  Citrate 


h.rperimeiit  5. — Dissolve  a few  grains  or  more  of  iJotassium 
carbonate  in  water,  and  add  citric  acid,  HgCyH.O-,  until  it  no 
Hunger  causes  effervescence.  The  resulting  licpiid  is  a solution 
«of  potassium  citrate,  KyC^H-O^.  Evaporate  to  dryness,  in 
dan  open  dish,  cautiously  so  as  to  avoid  charring  ; a pulverulent 
■•or  granular  residue  is  obtained,  which  is  the  official  potas- 
Ssium  citrate  (^Putassii  Citras,  13. P.),  a white  dehquescent 
powder. 


3K2CO3 

Potassium 

carbonate 


2H.,C,HT)-  = 

,A  > V’,  ' 

Citric  acnl 


2K3C„H,0- 

Potassium 

citrate 


+ 


3Hp 

Water 


+ 3(:o., 

Carbonic 

anliydrido 


(-itrates. — 1 he  citric  radical,  C|.H.O-"*,  which  with  three 
atoms  of  hydrogen  forms  citric  ticid,  and  with  three  of  potas- 
sium forms  ])otassiurn  citrate,  is  a trivalent  group.  An 
extended  formula  for  citric  acid  is  C.,H,  ()H-(C()OfI).„M  ,(), 
that  for  potassium  citrate  being  C3II  ,-()I  I-(C()()K),„l-f,(). 
The  chemistry  of  citric  acid  and  other  citrates  will  ’'be 
described  subsequently. 

Potassium  nitrate,  KNO3  (^Potassii  iS'itr((s,  13. P.),  and  Potas- 
sium sulphate,  K^SO^  {Potassii  Sulphas,  B.P.).  These  salts 
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could  also  be  made  by  neutralizing  nitric  acid,  HNOy,  and 
sulphuric  acid,  H^SO^,  respectively,  witli  potassium  carbon- 
ate. Ordinarily  they  arc  not  made  in  this  Avay, — the  nitrate 
occurring,  as  already  stated,  in  nature,  and  the  sulphate 
being  obtained  as  a by-product  in  many  operations.  Both 
salts  will  be  alluded  to  later  in  connection  with  nitric 
acid. 

Potassium  Tartrate 

EApcnniciil  0. — I’lacc  a few  grains  of  potassium  carbonate 
in  a test-tube  with  a little  Avatci-,  heat  to  the  boiling-point, 
and  then  add  acid  potassium  tartrate,  KHC|Hj()^,,  till  there 
is  no  more  effervescence ; a solution  of  normal  potassium 
tartrate  {Pola.sm  Tarlras,  B.P.),  K^C,H  ,0,;,  results.  Prismatic- 
crystals  may  be  obtained  on  concentrating  the  solution  by 
evaporation  and  setting  the  hot  licpiid  aside.  Larger  (|uanti- 
tics  arc  made  in  the  .same  way,  20  parts  of  potassium  hydro- 
gen t;irtratc  and  !)  of  potassium  carbonate  (with  00  of  water) 
being  about  the  j)roportions  necessary  for  neutrality. 

-1-  K./X).,  = 2K,C,H,,(),.  + M./)  + CO, 

I’otassinm  I’oUs.siiim  roliiHsiuin  WaLur  CarbuiTic. 

liyilnjgiMi  tartnilo  carlxmali!  tartrata  aiiliydrido 


Potassium  tartrate  is  slightly  dcli(|ucsccnt,  and  is  soluble  in 
about  four  parts  of  boiling  water. 

Tarlrntcs. — 'I’he  bivalent  radical  C|H,0|"  is  characteristic 
of  all  tartrates ; hence  the  formula  of  hydrogen  tartrate,  or 
tartaric  acid,  is  HgCiHjO,;;  that  of  potassium  tartrate  is 
(K,,C,II,|()|;).2,M,0  ; of  the  intermediate  salt,  acid  j)otassium 
tartrate  (cream  of  tartar),  KHC|FI,,0^.  If  the  acid  tartrate 
of  one  alkali-metal  and  the  carl)onate  of  another  interact,  a 
neutral  tartrate  i-esults,  which  contains  both  metals,  as  seen 
in-  Rochelle  .salt,  KNaCjH^0g,4Il20  (Soda  Tnriarala,  B.P.  ; 
Pola.mi  el.  Sodii  Tarlras,  U.S.P.)  More  extended  formula}  of 
these  salts,  indicating  constitution,  are  : — 


(ClI()H)^(CO()H), 

nyilroguli  tai'tratu 

((;h()H),c(K)hc()()k 

Hydrogen  ’)jolassium  tarlraLc 


[(CII()H),(C(K)K),],,H,() 

i’ul.assium  lai'trato  " 

(( : 1 1 ( ) H ),CO( ) N a-  C( )()  K,  1 11 ,( ) 

Sudiiim  iiulassimn  lariratn 


Ae'ul  Sa/lx  (r.g.  KMC',11 ,( I,,),  that  is,  salts  inlermediate  in 
composition  between  a normal  salt  (c.g.  K,C,  11,0,;)  and  an 
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acid  H„C,Hj()|;),  are  frequently  met  with.  All  acid 

radicals^  excejit  those  which  are  univalent,  may  he  concerned 
in  the  formation  of  such  acid  salts.  Sre  p.  61. 


Potassium  Iodide 

E.vpenme»t  7. — Into  a solution  of  potassium  hydroxide 
heated  in  a test-tube,  flask,  or  evaporating-basin,  according 
to  quantity,  stir  a little  solid  iodine.  The  deep  colour  of 
the  iodine  disappears  entirely.  This  is  due  to  the  formation 
of  the  colourless  salts,  potassium  iodide,  KI,  and  potassium 
iodate,  KIO^,  which  remain  dissolved  in  the  liquid.  Con- 
tinue the  addition  of  iodine  so  long  as  its  colour,  after  a few 
minutes’  warming  and  stirring,  disaj)pears.  When  the 
whole  of  the  potassium  hydroxide  in  the  solution  has  been 
convei’ted  into  the  salts  mentioned,  the  .slight  excess  of  iodine 
remaining  in  the  liquid  will  colour  it,  and  thus  show  that  this 
stage  of  the  operation  is  completed. 

OKOH  + .31,  = .uKI  + KIO3  + 311./) 

l’f,la.ssiiim  [niliile  Potassium  Potassium  Watur 

liyilroxiilB  iodiilo  iodate 


SejHiratiaii  of  llie  iodide  from  Ihe  iodale. — Evaporate  the 
solution  to  dryness.  If  both  salts  were  required,  the  result- 
ing mixture  might  be  digested  in  alcohol,  which  dissolves 
the  iodide  but  not  the  iodate.  But  the  iodide  only  is  needed. 
Intimately  mix  the  residue,  therefore  (reserving  a grain  or 
two  for  a subsequent  experiment),  with  excess  (about  a third 
of  its  weight)  of  charcoal,  and  gently  heat  in  a test-tube  or 
crucible  until  slight  deflagration  ensues.*  The  crucible  ma}’ 
be  suj)portcd  in  the  flame  of  a spirit-lamp  or  Bunsen  burner, 

* If,  in  the  operation  of  heating  potassium  iodate  with  cliarcoal, 
excess  ot  the  latter  be  employed,  slight  incandescence  rather  than 
deflagration  occurs  ; if  the  cliarcoal  be  largely  in  excess,  the  reduction 
ot  the  pota.ssium  iodate  to  iodide  is  effected  without  visible  deflagra- 
tion or  even  incandescence. 

Deflagration  means  violent  burning,  from  Jlaf/ra/.uft,  burnt  (Jfaf/ro, 
1 burn),  and  d/>,  a prefix  augmenting  the  sense  of  the  word  to  which 
it  may  be  attached.  Paper  thrown  into  a fire  simply  burns,  nitre 
causes  deflagration  of  the  fuel.  Detonat  ion  (deloHu)  is  a similarly 
constructed  word,  meaning  explosion  with  violent  noise. 
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or  placed  in  a fire  or  furnace.  Tlie  iodide  remains  unaffected  ; 
but  the  iodate  loses  all  its  oxygen  and  is  reduced  to  the  state 
of  iodide. 

KlOg  + 3C  = KI  + 3CO 

I’ota.ssiiim  Ciirlion  Pntassiinii  Carbonic 

iodide  oxide 

Treat  the  mass  witli  a little  water,  and  filter  to  separate 
excess  of  charcoal ; a solution  of  pure  potassium  iodide 
results.  1 lie  latter  may  be  used  as  a reagent,  or  it  may  be 
evaporated  to  a small  bulk  and  set  aside  to  crystallize. 

This  is  the  officially  recognised  process  for  making 
])otassium  iodide  (^Polm.sii  lodiduw,  B.P.). 

P rope rt lex. — Potassium  iodide  crystallizes  in  small  cubi- 
cal crystaks,  very  soluble  in  water,  less  so  in  alcohol.  One 
j)art  in  ten  of  water  forms  “Solution  of  Potassium  Iodide,” 
B.  P.  h'.xposed  to  air  and  sunlight,  j)ure  potassium  iodide 
becomes  slightly  brown,  owing,  probably',  to  the  combined 
action  of  the  oxygen,  water  vapour,  and  carbonic  anhydride 
of  the  atmosj)bcre. 

The  additwn  of  eharcord  in  the  above  process  is  simplj^  to 
facilitate  the  removal  of  the  oxygen  from  the  potassium 
iodate.  Potassium  iodate,  KIO.,,  is  analogous  in  composition 
to  potassium  chlorate,  KCIO3,  which  has  already  been  stated 
to  be  more  generally  used  than  any  other  salt  for  the  actual 
prcj)aration  of  oxygen  gas  itself,  and  the  removal  of  its 
oxygen  may  be  accomplished  by  heating  the  residue  without 
charcoal.  In  this  case  the  liberated  oxygen  can  be  detected 
by  inserting  a glowing  strip  of  wood  into  the  mouth  of  the 
test-tul)e  in  which  the  mixture  of  iodide  and  iodate  is  being 
heated.  The  charcoal,  however,  removes  the  ox3’gen  more 
quickly  and  at  a lower  temperature,  and  thus  economizes 
both  lime  and  beat. 

DclccLion  of  iodate  in  iodide. — Potassium  iodate  remaining 
as  an  impurity  in  jjotassium  iodide,  maj'  be  detected  by 
adding  to  a solution  of  the  latter  salt  some  weak  acid  (sa}', 
tartaric),  shaking,  and  then  adding  starch  mucilage ; blue 
“iodide  of  starch”  {xec  Starch)  is  formed  if  a trace  of  iodate 
be  present,  but  not  otherwise.  By  the  interaction  of  the 
added  acid  and  the  ])otassium  iodate,  iodic  acid,  HI(\,  is 
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produced ; and  by  interaction  of  tlie  added  acid  and  the 
potassium  iodide,  hj'driodic  acid,  HI,  is  produced ; neither 
of  these  alone  attacks  starch,  but  by  their  mutual  inter- 
action they  yield  free  iodine,  which  then  forms  the  blue 
colour  by  its  action  on  the  starch.  This  experiment  should 
be  tried  on  a grain  or  two  of  pure  iodide  and  on  the  imjnire 
iodide  reserved  from  the  previous  experiment. 

Potassium  iodide  containing  iodate  would  obviously  yield 
free  iodine,  which  is  excessively  corrosive,  on  the  salts 
coming  into  contact  with  the  acids  of  the  stomach. 

HI03  + 5HI  = 3H/)-p3P 

iVo/c  on  Numencl(dure.—'Y\\e  final  syllable  idc.  in  the  name 
potassium  iodide,  indicates  that  the  element  iodine  is  com- 
bined with  potassium.  An  ioda/e,  as  already  explained,  is  a 
salt  containing  the  characteristic  radical  of  iodic  acid  and  of 
all  other  iodates.  Inorganic  salts  whose  names  end  in  ide, 
are  derived  from  acids  which  do  not  contain  oxygen,  .\cids 
with  complex  radicals,  the  latter  usually  containing  oxygen, 
give  rise  to  salts  with  names  ending  in  ede  {see  p.  75)  or  de. 
An  inorganic  salt  whose  name  ends  in  ede  contains  the  radical 
of  an  acid  whose  name  ends  in  ic ; a salt  whose  name  ends 
in  ile  contains  the  radical  of  an  acid  whose  name  ends  in  ous ; 
an  inorganic  salt  whose  name  ends  in  ide  contains  an  element 
for  its  acid  radical.  Thus  an  inorganic  sulphit/e  consists  of 
a metallic  radical  combined  with  sulphur  onlj',  while  a 
sulphi7c  and  a sulphrt/c  are  compounds  of  metallic  radicals 
with  the  sulphuroiM'  and  the  sulplniric  acid  radicals  respec- 
tively, and  so  on  nith  other  inorganic  “ides,”  “ites,”  or 
“ ates.” 

Pulassium  Bromide  {Polassii  Bromidijm,  B.P.). — This  salt 
is  analogous  in  composition  with  potassium  iodide,  and  is 
imide  in  the  same  way,  bromine  being  substituted  for  iodine. 
'Pile  formula  of  bromic  acid  is  Illh-C)^.  It  will  be  noticed 
that  the  follow  ing  eipiations  are  similar  in  character  lo  I host* 
showing  the  ])reparation  of  potassium  iodide  : — 

GKOII  + 3Bi-2  = 5KBr  + KBrOg  + dipo 

Potassium  DromiiiP  Potasaiiim  Potassium  Watiu' 

Iiyaroxifle  bromidt;  brornaLu 

KBrO,  -f-  3C  = KBr  + 3('() 

Potas.siurn  Carbon  Potassium  Carbonifi 

brornatfi  bromidn  oxidn 
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Potassium  Manganate  and  Permanganate 

h.rperivioil  8. — Place  a fragment  of  solid  potassium 
li^'droxido,  KOII,  with  about  the  same  (juanlity  of  potassium 
chlorate,  KCIO.,,  and  of  blaek  manganese  oxide,  MnO.„  on 
a piece  of  platinum  foil.*  Hold  the  foil,  l)y  means  of  a 
small  |)air  of  forceps  or  tongs,  in  the  flame  of  a blowpipe  for 
a few  minutes  until  the  fused  mixture  has  become  dark 
green — apparently  black.  This  colour  is  that  of  polctssum 
vmnganaie,  K„Mn()|. 

OKOM  + KCIO.,  + ;lMnO._,  = .3K.,MnO.,  + KCl  + 3II„0 

I’ulassliiin  rotiisHliiiii  lilnck  imu“.  I’oUssiiim  rotas.siiim  WalTr 

liyilmxiild  cliloratu  gaiic.se  ox ido  iiiaiigaiiato  clilorido 

livperhiieiil  9. — Potassium  Permanganate  (Pola.mi.  Pei'tmni- 
"(itKis,  H.P.),  KMnO,|.  Boil  the  potassium  manganate  from 
l',xj)eriment  8 in  water  for  a short  time.  Potassium  ])crman- 
ganate  is  formed,  and  yields  a pur])le  solution. 

.•5K,Mn()|  + 21 PO  = 2KMn(),  + 4KOH  + MnO., 

I’otas.sliiiii  WalTr  I’otas.siiiiii  I’ot.assliiiii  Ulack  iiiaii- 

iiiaiigaiialc  Iicriiiangaiiatn  liydioxidc  gaiicsc  oxide 

On  the  large  scale,  the  ))otassium  hydroxide  .set  free 
in  the  reaction  is  neutralized  by  sulphuric  or,  better,  by 
carbonic  acid,  and  the  .solution  is  evaporated  to  the  crystal- 
lizing point.  Manganate  may  also  be  changed  into  perman- 
ganate by  treatment  with  chlorine. 

2K,MnO,  + CP  = 2KC1  + 2K  Mn(), 

Solutions  of  potassium  manganate  (green)  or  perman- 
ganate (purple)  and  the  analogous  sodium  compounds  so 
readily  yield  their  oxygen  to  organic  matter  that  they  are 
used  on  the  large  scale  as  disinfectants. 

Experiments  dealing  with  the  remaining  official  potassium 
comjiounds  (namely,  potassium  bichromate,  arsenite,  chlor- 
ate, cyanide,  ferroeyanide,  and  ferrieyanide),  are  deferred 
at  present. 

* The  foil  may  be  1 in.  broad  by  2 in.  long.  No  ordinary  flame 
will  melt  the  platinum,  fused  caustic  alkalies  only  slowly  corrode 
it,  and  very  few  other  chemical  substances  affect  it  at  all ; hence  the 
same  piece  may  be  used  in  experiments  over  and  over  again.  Many 
metals  form  a fusible  alloy  with  platinum,  and  phos]ihorus  and  arseni- 
oiis  suljihidc  rapidly  attack  it ; hence  such  substances,  as  well  as 
mixtures  likely  to  yield  them,  should  be  heated  in  porcelain  vessels. 
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Crj/slallizaliun. — This  operation  will  have  been  performed 
several  times  in  the  course  of  the  foregoing  experiments. 
Obviously  it  offers  a mode  of  separating  soluble  crystalliz- 
able  substances  from  soluble  amorphous  {a,  a,  without ; /zopt/j?), 
morphe,  shape)  substances ; also  of  sejiarating  from  each 
other,  by  fractional  crystallization,  substances  of  varying 
degrees  of  solubility. 

Analytical  Reactions  oj’  Potassium  Salts. 

S'otc. — Each  reactioji  should  be  expressed  in  the  form  of 
an  equation  or  diagram  by  the  student  in  his  note-book. 

1.  To  a solution  of  any  salt  of  potassium  (chloride,*  for 
example)  add  a few  drops  of  hydrochloric  acid  and  of  a 
solution  of  platinic  chloride  in  hydrochloric  acid  (really 
chloroplatinic  acid,  H.,PtCl,j),t  and  stir  the  mixture  with  a 
glass  rod;  a yellow  granular  or  slightly  crystalline  precipi- 
tate i slowly  forms.  This  precipitate  consists  of  potassium 
chloroplatinate,  K„PtCl^  ; it  is  very  sparingly  soluble  in  water, 
and  practically  insoluble  in  alcohol. 

Memoranda. — When  the  preci})itate  forms  very  slowly,  it  is 
sometimes  of  an  orange-yellow  tint.  If  potassium  iodide 
happen  to  be  the  potassium  .salt  under  examination,  com- 
pounds of  iodine  and  platinum  will  l)e  formed,  giving  a red 
colour  to  the  solution,  and  a larger  ([uantity  of  the  precipi- 
tant (that  is  the  precipitating  agent)  will  be  required. 

Educational  Xote. — The  thoughtful  student  will  not  con- 
fuse the  test  with  the  chemistry  of  the  test.  The  test  itself 
appeals  to  the  senses ; commonly  to  the  eye,  sometimes  to 
the  nose,  occasionally  to  the  ear.  A person  may  be  able 

* A few  fragments  of  potassium  carbonate,  tw'o  or  three  droi)s  of 
hydrochloric  acid,  and  a small  quantity  of  water,  give  a solution  of 
I)ota.ssium  chloride  at  once,  K.,CO.j  iA!M(,'1  = 2KC1  i II„0  i CO.,. 

t Experiments  with  reagents  containing  platinum  or  oilier  ex- 
pensive metals  are  economically  performed  in  walch-glasses,  dro|is  of 
the  liquids  being  operated  on. 

t liy  itreclpdatioii  (from  joveciidtare,  to  throw  down  suddenly)  is 
simply  meant  the  formation  of  particles  of  solid  in  a liquid,  no  mailer 
whether  the  solid,  the  iireciiiilale,  subsides  or  floats,  anil  no  mailer 
whether  the  operation  be  jiartial  or  eom])lele. 
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to  Hj)ply  a test,  and  yet  never  know  anything  of  the  chem- 
istry of  the  test. 

2.  Caniol’s  led  fur  poUusdum. — Mix  one  drop  of  a solu- 
tioa  of  bismuth  nitrate  witli  one  drop  of  a solution  of 
sodium  thiosulphate,  and  add  to  the  mixture  10  e.c.  or  so 
of  absolute  alcohol.  'I'o  the  reagent  so  prepared,  add  one 
or  two  drops  of  a solution  of  a potassium  salt.  A yellow 
precipitate  of  potassium  bismuth  thiosulphate,  K3Bi(S.,03)3, 
is  produced  either  immediately  or  very  nearly  so  (depending 
upon  the  concentration  of  the  solution  of  the  potassium  salt 
added).  If  produced  in  large  (juantity,  the  precipitate  settles 
down  in  a bulky  Hocculent  form.  Although  insoluble  in 
nearly  absolute  alcohol,  the  j)recipitate  is  readily  soluble 
in  water  and  in  dilute  alcohol,  hence  it  is  essential  that 
no  considerable  (|uantity  of  water  should  be  present.  Very 
dilute  .solutions  of  potassium  salts  should  be  concentrated 
by  evaporation  before  emj)loying  them  for  this  reaction. 

Acid  Potassium  Tartrate.  Potassium  Hydrogen 
Tartrate.  Potassium  Bitartrate 

3.  To  a solution  of  any  salt  of  jiotassium  add  excess  of 
a saturated  solution  of  acid  sodium  tartrate  (sodium  hydrogen 
tartrate),  NallC^H^O^,  and  shake  or  well  stir  the  mixture; 
a white  granular  precipitate  of  acid  ])otassium  tartrate  (potas- 
.siurn  h^'drogen  tartrate),  KHC^H  jOy,  will  be  formed.  If  the 
solution  of  potassium  salt  emj)loyed  is  alkaline  (solution  of 
potassium  carbonate,  for  example),  care  must  be  taken  to 
add  the  sodium  hydrogen  tartrate  solution  until  the  liquid, 
after  thorough  mixing,  is  acid  to  test  paper,  otherwise  the 
jn'ecipitate  will  not  be  formed.  (Solution  of  sodium  hydrogen 
tartrate  possesses  a strongly  acid  reaction.)  Test  pa2)er,  see 
p.  101. 

J^'olc, — By  “excess  ” of  any  test-li(|uid  (sucli  as  the  “solu- 
tion of  acid  sodium  tartrate  ” just  mentioned)  an  excessively 
large  (piantity  is  not  to  be  understood,  but  merely  sueh  a 
(juantity  of  the  reagent  as  is  more  than  suflieient  (however 
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little  more)  to  convert  the  whole  weight  of  the  compound 
attacked  into  the  compound  to  be  produced.  Thus,  in  the 
present  case,  enough  sodium  hydrogen  tartrate  must  be 
added  to  convert  the  whole  of  the  potassium  salt  operated 
on  into  acid  potassium  tartrate.  What  the  weight  of  salt 
operated  on  was,  must  be  roughly  estimated  mentally  by  the 
operator.  It  is  not  necessary  in  analytical  operations  to 
know  the  exact  weights  of  salts  employed.  The  analyst  must 
use  his  judgment,  founded  on  his  knowledge  of  the  reaction 
(as  shown  by  an  equation),  and  of  the  molecular  weights  of 
the  substances  employed  in  the  reaction,  as  well  as  by  the 
rougrh  estimate  of  the  amount  of  material  on  which  he  is 
experimenting. 

IavuI.s  of  the  lest. — Acid  potassium  tartrate  is  soluble  in 
200  parts  of  cold  and  in  6 parts  of  boiling  water.  Hence,  in 
applying  the  acid  sodium  tarti’ate  test  for  potassium,  the 
solutions  must  not  be  hot.  Even  if  cold,  no  precipitate  will 
be  obtained  if  the  solutions  are  very  dilute.  This  test,  there- 
fore, is  of  far  less  value  than  either  of  the  two  already 
mentioned.  Acid  potassium  tartrate  is  less  soluble  in  dilute 
alcohol  than  in  waiter,  so  that  the  addition  of  alcohol  renders 
the  reaction  somewhat  more  delicate. 

('ream  of  Tartar.  — The  |)recipitate  is  Potassii  Tar  Iras 
Acidiis,  H.P.,  long  known  as  Cream  of  Tartar  (although  the 
official  preparation  is  not  formed  in  the  above  manner). 

4.  Jlame-lesl. — Dip  the  looped  end  of  a j)latinum  wii'e 

into  a .solution  of  a potassium  salt,  and  introduce  the  loo|) 
into  the  lower  part  of  the  flame  of  a spirit-lamp  or  Bunsen 
burner.  A light  violet  or  lavender  tint  will  be  communi- 
cated to  the  Hame,  an  effect  highly  characteristic  of  salts 
of  potassium. 

Potassium  salts  are  not  readily  volatile.  Place  a frag- 
ment of  carbonate,  nitrate,  or  other  potassium  salt,  on  a 
piece  of  platinum  foil,  and  heat  the  latter  in  the  flame  of 
a lamp;  the  salt  may  fuse  to  a transparent  licpiid  and  flow 
over  the  foil  ; water  also,  if  present,  will  escape  as  steam, 
and  black  carbon  be  set  I'rcc,  if  the  salt  hap])en  to  be  a 
tartrate,  citrate,  etc.  ; but  the  potassium  compound  itself 
will  not  be  vaporized  to  any  ap))reciable  extent  unless  ex- 
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posed  to  ail  exceedingly  high  temperature.  This  is  a 
valuable  negative  property,  as  will  be  evident  when  the 
analytical  reactions  of  ammonium  come  under  notice. 

5.  A solution  of  sodium  cobaltic  nitrite*  is  a very 
delicate  test  for  potassium,  in  the  absence  of  ammonium, 
potassium  salts  forming  with  it  a yellow  precipitate  of 
|)otassium  cobaltic  nitrite  (Fischer’s  salt),  KjjCo(NO„)^;,  even 
in  extremely  dilute  solutions. 


QIIESTION.S  AND  EXERCISES 

Name  the  sources  of  potassium.  — Give  the  source,  formula,  and 
characters  of  I’otassium  Carbonate. — Wliat  is  the  systematic  name  of 
Caustic  I’otash? — State  the  chemical  formida  of  Caustii!  Potash. — 
Construct  an  equation  representing;  the  reaction  between  potassium 
c:irbonat<^  and  slaked  lime. — l^efme  a hi/dru.vUlc. — What  p;roup  of 
atoms  is  characteristic  of  all  earbon.atcs  ? — Mow  is  “ Suljihiirated 
Potash  ” nuide,  and  of  what  salts  is  it  a mixture? — What  is  the  for- 
mula for  the  acid  radical  of  all  acetates? — Draw  a diap;ram  showiiifi; 
the  formation  of  Potassium  Acetate. — Give  a ])roccss  for  the  con- 
version of  carbonates  into  other  salts. — What  is  the  difference  between 
Potassium  Carbonate  and  Bicarbonate?  How  is  the  latter  jirepared  ? — 
What  is  the  relation  between  salts  whose  specific  names  end  in  the 
syllable  "die,"  and  acids  endinp;  in  "ic"? — Construct  diagrams  or 
equations  rejiresenting  tbe  formation  of  Potassium  Tartrate  from  Acid 
Tartrate,  and  Potassium  Citrate  from  Carbonate. — Distinguish  between 
a normal  and  an  acid  .salt. — How  is  Potassium  Iodide  made?  Illus- 
trate the  ])roee.ss  either  by  diagrams  or  equations. — Calculate  how 
much  potassium  iodide  is  producible  from  1000  grains  of  iodine,  yfa.v., 
i:j08'5  grains. — Give  a method  for  the  detcidion  of  iodate  in  pota.s- 
sinm  iodide.  Exidain  the  reaction. — What  is  the  signification  of  the 
termination  " ide"  in  chemical  nomenclature? — State  the  relations 
between  sulphides,  sulphites,  and  sulphates. — Mention  the  chemical 
relation  of  Potassium  Bromide  to  Potassium  Iodide. — Describe  the 
formation  of  Potassium  Permanganate,  giving  equations  or  diagrams. — 
How  do  inanganates  and  permanganates  act  as  disinfectants  ? — 
Enumerate  the  tests  for  potassium,  explaining  by  diagrams  or  equa- 
tions the  various  reactions  which  occur. 


* Pre/ianUioii  of  Sodium  Coltul/in  Nilrit.e. — Slowly  add  five  fiuid 
ounces  of  a sixty  per  cent,  solution  of  .sodium  nilrile,  NaNOo,  to  a 
.solution  of  H ounce  of  cobaltous  nilrate,  Co(NO;,b,  in  3 ounces  of 
writer;  allow’ to  .stand  till  evolution  of  gas  cea.ses,  filter,  and  pre- 
cipitate the  .sodium  cobaltic  nitrite,  Na;;Co(NO.j)u,  from  the  filtrate 
by  the  addition  of  alcohol. 
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SODIUM:  Na.  Atomic-  \veif>ht,  22'88 

(kriiireiice,  He. — Most  of  tlie  sodium  salts  met  with  in 
pharmacy  are  obtained  direetl3'  from  sodium  carbonate,  whic-h 
is  now  manufactured  on  an  enormous  scale  from  sodium 
chloride  (common  salt,  sea-salt,  bay-salt,  or  rock-salt),  the 
most  abundant  of  the  sodium  salts.  W’hen  ])ure,  common 
salt  (*Vof/»  Chloridum,  B.P.)  occurs  “in  small  white  crystalline 
grains  or  transparent  cubic  crystals,  free  from  moisture  ” ; 
the  best  varieties  eommonly  contain  a little  magnesium 
chloride,  and  sometimes  other  impurities.  B.esides  the  direct 
and  indirect  use  in  medicine  of  .sodium  carbonate,  or  “car- 
bonate of  soda  ” as  it  is  commonly  called,  this  substance  is 
largely  used  for  household  cleansing  purpose.s,  under  the 
name  of  “washing  soda,”  and  in  the  manufacture  of  soap. 
Sodium  nitrate  also  occurs  in  nature,  but  is  valuable  as  a 
nitrate  rather  than  as  a sodium  salt.  Sodium,  in  the  form  of 
one  or  other  of  its  compounds,  is  a constituent  of  about  fort)- 
chemical  or  galenical  preparations  of  the  British  Pharma- 
copceia. 

Sodium  (^Sodium,  B.P.)  is  prepared  by  a process  similar  to 
that  for  potassium,  but  at  a somewhat  lower  temperature. 
Castner  obtained  it  comparatively  chea])ly  by  distillation  from 
a mixture  of  sodium  hydroxide,  carbon,  and  iron,  contained 
in  steel  vessels.  The  modern  Castner  process  for  preparing 
sodium,  b)-  which  large  (juantities  are  now  obtained,  consists 
in  electrolysing  fused  sodium  hydroxide.  The  metal  has  a 
bright  metallic  lustre  when  freshly  cut,  but  is  rapidl)- 
attacked  by  atmospheric  oxygen,  moisture,  and  carbonic 
aidiydride,  and  eventually  becomes  coated  with  sodium  car- 
bonate. Thrown  uj)on  the  surface  of  water,  sodium  disj)laces 
hydrogen  from  the  water,  jielding  solution  of  sodium 
hy  droxide  ; but  unless  the  sodium  is  confined  to  one  spot,  by 
I)lacing  it  on  a small  floating  piece  of  filter-paper,  the  action 
is  not  sufficiently  intense  to  cause  ignition  of  the  esca])ing 
hj'drogen.  When  the  latter  does  ignite,  it  burns  with  a 
yellow  flame,  due  to  the  presence  of  a small  (piantity  of 
sodium  vapour. 

2Na  -f  2H,()  = H,,  -I-  2NaOH 

So'liuin  Hydrogen  Sodium  liydroxidi- 

Sodium  similarly  attacks  alcohol,  yielding  sodium  cthjlatc 
{sec  Index).  It  may  be  kept  beneath  tln^  surface  of  mineral 
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naphtliaj  or  in  s(‘aled  tins  out  of  contact  witli  air.  It  crystal- 
lizes in  octahedra. 

Sodium  Hydroxide.  Caustic  Soda 

I lie  formation  of  solution  of  sodium  hj’droxide,  or  caustic 
soda,  NaOH,  is  cflected  by  a process  resembling  that  employed 
for  making  solution  of  potassium  hydroxide,  already  described. 

Na.,C().,  + Ca(OH),  = 2NaOH  -l-  CaCO.^ 

Ciilclum  " Sodium  Calcium 

rarbonutn  liydroxidct  liydroxide  carbonate 

riie  remarks  made  concerning  the  general  properties  of 
solution  of  potassium  hydroxide  apply  to  this  solution  also. 

In  the  Castner  process,  which  is  in  operation  on  the 
manufacturing  scale,  sodium  hydroxide  is  obtained  as  a 
jiroduct  of  the  electroly.sis  of  a solution  of  sodium  chloride. 
The  chlorine  simultaneously  liberated  at  the  anode  as  another 
product  of  this  electrol^-sis,  is  used  in  the  manufacture  of 
bleaching  jiowder  (.vcc  p.  126). 

The  interaction  of  sulphur  and  .sodium  carbonate  at  a high 
temjierature  resembles  that  of  sulphur  and  potassium  car- 
bonate ; but  as  the  product  is  not  used  in  medicine  the  ex- 
periment may  be  omitted.  It  is  mentioned  here  to  draw 
attention  to  the  general  resemblance  of  the  potassium  salts  to 
t hose  of  sodium. 


Sodium  Acetate 

lirperhnenl  1. — Add  sodium  carbonate  (in  poAvder  or, 
better,  in  fragments)  to  .some  moderately  concentrated  acetic 
acid  in  an  evaporating-basin  as  long  as  effervescence  occurs, 
and  then  boil  off  some  of  the  water.  When  the  fluid  is  cold, 
crystals  of  ^‘Sodium  Acetate,”  B.P.,  NaC^HyO.,,  3H.,0  (Sodii 
Acelfis,  U.S.P.),  will  be  deposited.  A ten  per  coit.  solution 
in  distilled  water  forms  “Solution  of  Sodium  Acetate,”  B.P. 

Na,COy  + 2HC2H.P.  = 2NaC.2H.P2  -1-  H.,0  -h  COy 

Sodium  Acetic  Sodium  AVator  Carlmilic 

carbonate  acid  acetate  anliydride 

Sodium  acetate  effloresces  (.vcc  p.  90)  in  drj’  air,  and  loses  all 
its  water  of  cry.stallization  when  gently  heated.  It  withstands 
a temperature  of  270°  to  280°  F.  (about  1.32°  to  1.38°  C.)  with- 
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mil  decomposition,  but  above  300°  F.  (about  149°  C.)  it  rapidly 
chars.  Its  extended  formula  is  CHg'COONa,  3H„0. 


Sodium  Hydrogen  Carbonate.  Sodium  Bicarbonate 

The  action  of  carbonic  anhydride  and  water  on  sodium 
carbonate,  Na.,COg,  resembles  that  on  potassium  carbonate, 
bin  is  carried  out  in  a different  manner.  The  result  is 
sodium  bicarbonate,  NaHCOg  {Sodii  Bicarhouas,  B.P.). 

Na,COg  + HgO  + CO.,  = 2NaHC03 

Soriimn  Water  Carbouic  Sodium 

carlKjiiate  aiiliydridn  tiieavbonale 


Jivjjerimeiil  2. — Heat  crystals  of  sodium  carbonate  in  a 
porcelain  crucible  until  no  more  steam  escapes.  Rub  the 
product,  in  a mortar,  with  two-thirds  of  its  weight  of  the 
crystallized  salt  which  has  not  been  deprived  of  its  water, 
and  place  the  jiowder  in  a test-tube  or  small  bottle  into 
which  carbonic  anhydride  may  be  conveyed  by  a tube 
jiassing  through  a cork  and  terminating  at  the  bottom  of 
the  vessel.  To  generate  the  carbonic  anhydride,  fill  a 
test-tube  having  a small  hole 
in  the  bottom  (or  a jiiece  of 
wide  glass  tubing,  the  lower 
end  of  which  is  plugged  by 
a grooved  cork),  witli  frag- 
ments of  marble,  insert  a cork 
and  delivery-tube,  and  con- 
nect the  latter,  by  means  of 
a piece  of  indiarubber  tubing, 
with  the  tube  leading  intf»  the 
vessel  containing  the  sodium  carbonate.  Now  plunge  the  tube 
which  contains  the  mai-ble  into  a test-glass,  or  other  vessel, 
containing  a mixture  of  one  part  of  hydrochloric  acid  .and 
two  parts  of  water,  and  loosen  the  cork  of  the  sodium  carbon- 
ate tube  until  carbonic  anhydride,  generated  from  the  marble, 
may  be  considered  to  have  displaced  all  the  .air  of  this  tube  ; 
then  replace  the  cork  tightly  and  set  the  app.aratus  aside.  As 
tlie  gas  is  absorbed  by  the  sodium  carbonate,  hydrochloric  acid 
rises  into  the  tube!  containing  the  m.arble,  and  gener.atcs  fresh 
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gas,  vhicli,  in  its  turn,  drives  back  tlie  acid  liquid,  and  thus 
jn’cvents  tlie  production  of  any  more  gas  until  further  absorp- 
tion has  occurred.  When  the  salt  is  wholly  converted  uito 
bicarbonate,  NallCO,,,  it  will  be  found  to  have  become  danq) 
through  the  liberation  of  some  water  from  the  crystallized 
carbonate,  Na,,CO.„  IOH.,0.  (It  would  be  inconveniently 
moist,  even  semi-fluid,  if  a part  of  the  carbonate  had  not 
previously  been  rendered  anhydrous.)  On  the  large  scale,  Ihe 
resulting  bicarbonate  may  be  freed  from  any  carbonate  or 
traces  of  other  salts,  by  adding  half  its  bulk  of  cold  di.stillcd 
water,  setting  aside  for  about  lialf  an  hour,  shaking  occasion- 
ally, draining  the  undissolved  j)ortion,  and  drying  it  by 
ex))osure  to  the  air  on  filter-jiaper. 

This  arrangement  of  apparatus  for  tlie  preparation  of 
sodium  bicarbonate  may  be  adopted  for  potassium  bicarbonate, 
one  ]iart  of  pota.ssium  carbonate  dissolved  in  two  and  a half 
parts  of  water  being  subjected  to  the  action  of  the  gas,  and 
not  the  solid  carbonate,  as  in  the  case  of  the  sodium  salt. 

Tlur  sodium  carbonate  may  be  ))laced,  not  in  a test-tube 
or  bottle,  but  in  a vertical  tube,  the  bottom  of  which  is  loosely 
closed  by  a grooved  cork.  Any  water  of  crystallization  that 
is  set  free  tlieir  runs  off  into  a vessel  placed  beneath,  and 
takes  Avith  it  impurities  (chlorides,  sulphates,  etc.)  that  may 
have  beeji  present  in  the  origijial  salt. 

'J'he  Ammonia  Process. 

Sodium  bicarbonate  is  now  prepared  on  the  manufacturing 
scale  by  treating  a concentrated  solution  of  sodium  chloride, 
which  has  been  saturated  with  ammonia,  with  carbonic 
anhydride  under  a jn'essure  somewhat  gre.ater  than  that  of 
the  atmosphere.  Sodium  bicarbonate,  which  is  sparingly 
soluble,  is  slowly  precipitated.  The  ammonia  and  the  car- 
bonic anhydride  may  be  con.sidered  to  behave  in  the  reaction 
as  ammonium  bicarbonate. 

NH.HCO..  -f  NaCl  = NaHCOg  4-  NH,,C1 

Ammonium  Sodium  Sodium  Ammonium 

bicarbonato  chloi’ido  bicarbonate  clilovuio 

Ammonia  is  recovered  from  the  resulting  ammonium 
chloride,  and  is  again  used  for  saturating  solution  of  sodium 
chloride  which  is  to  be  employed  in  subsequent  operaiions 
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for  propariiiff  fiirtlier  (|iiautities  of  sodiuin  bicarbonate. 
Sodium  carbonate,  Na^COy,  lOH^O  (-Vor///  Carhonas,  B.P.),  is 
made  by  lieatinjj’  tlie  bicarlionate  tlnis  oittained,  and  cr3'stal- 
lizing  from  ac[ueous  solution,  tli(“  carbonic  anliydride  liberated 
during  tlie  lieating  process  being  also  utilised  in  the 
preparation  of  further  (piantities  of  sodium  bicarbonate. 

2XaHC03  = Na.COa  + H.,()  + CO., 

tSodium  Sodium  Water  Carboiiio 

bicarbonate  carbonate  anliydride 

Sodium  bicarbonate  may  be  medicinally  administered  in 
the  form  of  lozenge  (^Trorlii.srii.s  Sodii.  Bicarhonnhs,  B.P.). 

Sodium  Carbonate 

Sodium  carbonate  may  be  obtained  by  heating  the 
sodium  bicarbonate  produced  by  the  ammonia  process 
described  above,  the  re.sulting  .salt  being  anhjalrous.  'I’lie 
hj'drous  sodium  carbonate  of  the  Pliarmaeopocia  is  obtained 
by  dissolving  the  anhydrous  salt  in  water  and  ery.stallizing. 

Sodium  carbonate  is  also  prepaiaal  on  the  large  scale  b}’ 
the  Leblanc  process.  Sodium  chloride  is  first  converted  into 
sulphate  (.salt-cake)  by  heating  it  with  sulphuric  acid  : 

2NaCl  + H.,SO^  = Na.,S().,  + 21ICI 

'I’he  sulphate  is  then  roasted  with  limestone  and  small  coal, 
sodium  carbonate  and  calcium  sulphide  being  formed : 

Na.SO,  -I-  2C  + CaC()3  = CaS  + Na.,C()3  + 2CO3 

The  re.sulting  mass  (black-ash)  is  lixiviated.  (^Ilvivia,  from 
Hr,  b'e — water  im})regnated  with  alkaline  salts  ; hence  //.iv- 
the  operation  of  washing  a mixture  with  a view  to 
dissolve  out  .soluble  constituents.  If  relatively  small  cpianti- 
ties  of  solvents  be  emjjloj'ed,  the  solution  by  lixiviafion  will 
be  more  or  less  J’rarlwtial,  substances  of  varjdng  solubilitv 
being  thus  more  or  le.ss  sej)arated  from  each  other.)  'I'he 
.sodium  carbonate  dissolves,  the  calcium  sulphide  remaining 
in.soluble.  The  solution  is  (evaporated  to  dryness,  and  yields 
crude  sodium  carbonate.  This  is  roasted  with  a small 
(piantity  of  sawdust,  to  reconvert  into  carbonate  any  caustic 
.soda  produced  by  the  actio7i  of  lime  on  fhe  sodium  carbonate. 
The  product  is  soda-ash.  Dissolved  in  water  and  crystallized, 
it  constitutes  ordinary  “washing-soda”:  reci-^'sfallized  (and 
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sometimes  otouiuI)  it  forms  the  oflieial  sodium  carl)onate 
Na.,C().j,  lOH.^O  [Sodii  ('(irhouns,  H.I’.). 

Ill  the  Ilartrreaves-Hird  eleetrolytie  process  for  tlie 
maimfaetiire  of  sodium  earhonale,  tlie  sodium  hydroxide 
obtained  hy  tlie  (‘lectrnlysis  ol  a solution  of  sodimii  eliloride 
is  treated  with  a mixture  of  steam  and  furnace  gases  (the 
latter  furnishing  earbonie  anhydride),  whereby  a solution  is 
olitained  whieh  only  reipiires  evaporation  to  a small  extent 
in  order  to  yield  crystals  of  sodium  carbonate  on  cooling. 

A rrij.s/(i/  of  sodium  carbonate  is  sodium  carbonate  plus 
‘'water  of  crystallization”;  on  heating  it,  part  or  the  whole 
ol  the  water  is  evolved.  Exsiccated  sodium  cai’bonate 
(nrhoiias  K.v.siccahi.'i,  H.P.)  is  obtained  by  heating 
crystallized  sodium  carbonate  until  it  loses  msirly  03  jic'r 
cent,  of  its  weight. 

Na,C().„  lOIEO  - 101-1,0  = Na.,C()., 

Ci-ystiillizfil  sodiiiiii  WiitiH'  Di'ii^crHoiliiilii 

carlmriati' (‘J8-M I)  (17S-S)  (100-31) 

n’tilrr  of  ('n/sl(i//i.r:filioii. — Aiilii/drous  and  Ih/drons  Sa/ls. 
I'.f/loirxenaT.  Aniii/dridcx. — A number  of  salts,  when  crystal- 
lizing from  acpieous  solution,  take  uj)  w'atcr  to  a greater  or 
le.ss  extent  from  the  solution.  Sonu'times  the  same  salt  is 
capable  of  combining  with  water  in  two  or  more  different 
jiroportions.  Salts  which  do  not  combine  with  water  in 
this  way  are  ofttm  called  anliijdroii.s  (from  a,  a,  Avithout,  and 
i'3o)p,  liialdr,  water)  as  distinguished  from  those  which  do,  and 
are,  in  c-onseiiuenee,  called  lujdroiix  salts.  'J’he  water  so  taken 
up  by  certain  salts  in  crystallizing  is  generally  called  iralcr  of 
rri/.sia/lirjalion.  Many  hydrous  salts,  when  simply  exposed  to 
moderately  dry  air  at  ordinary  temperatures,  lose  water  and 
crumble  to  a fine  powder.  'I'his  process  is  known  as  r.ffior- 
rxcence  (^i-J/lorexceiix,  blossoming  forth,  in  allusion  to  the 
apjiearance  of  the  product).  Tlu-  water  of  crystallization  is 
usually  (although  not  in  all  cases  completely)  ex])elled  from 
a hydrous  salt  by  heating  it  to  a temperature  of  100°  to 
150°C.  In  the  chemical  formuke  of  salts  with  water  of 
crystallization,  the  symbols  representing  water  are  usually 
separated  by  a comma  from  those  representing  the  salts. 
The  cx'ystals  of  sodium  acetate  (Exjicrimcnt  1,  ji.  86)  are 
represented  by  the  formula  NaC.,II.,(),,  311,0,  and  those  of 
sodium  earl)onate  by  the  formula  Na,C().„  10H,O.  It  is 
possible,  however,  that  this  so-c-alled  water  of  crystallization 
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is  in  a more  intimate  state  of  eoml)ination  lhan  is  indieaterl 
by  such  formula'  as  those  just  given.  A iiliiidritli-x  form  a 
rlistinet  class  of  chemical  substances  derived  from  or  related 
to  acids  : in  short,  they  may  be  regarded  as  acids  from 
^vhich  the  elements  of  -water  have  been  removed,  the  essen- 
tial chemieal  properties  of  the  acids  being  thereby  greatly 
4iltered. 

I)i-li<jiiescciicc. — Sodium  carbonate  and  ])otassium  car- 
bonate, chemically  closely  allied,  differ  physically.  Potas- 
sium carbonate  quickly  absorbs  moisture  from  the  air  and 
becomes  damp,  wet,  and  finally  a solution — it  is  dcHqiic.scctil 
(jleluiiiescciifi,  melting  away).  Sodium  carbonate,  on  the  other 
hand,  is  efflorescent,  and  yields  w.ater  of  crystallization  to 
dhe  air,  the  crystals  becoming  white,  opacpie,  and  pulverulent. 

Sodium  Potassium  Tartrate 

’ K.rperiwnil  3. — To  some  hot  concentrated  solution  of 
sodium  carbonate  (about  three  parts),  in  a test-tube  or  larger 
vessel,  add  acid  potassium  tartrate  (about  four  parts)  till  no 
, more  effervescence  occurs  ; when  the  solution  is  cold,  crystals 
' of  .sodium  potassium  tartrate,  KNaCjH  jO,.  41I.,0,  (Soda  Tar- 
hmila,  H.P. ; Pola.s.sii  cl  Sodii  'I’mlras,  U.S.P.),  long  known  as 
Rochelle  Salt,  will  be  deposited.  The  crystals  are  larg(' 
rlu)mbie  prisms. 

Nbi,C().,  + 2KHC,H/),,  = 2KNaC,H,0,,  -f  H,()  CO., 

Soflimn  Aciil  pola.s.sium  Soiliiim  pota.ssium  Wati'r  Carbonic 

carbonate  tartrate!  tartrate  anliydridi! 

Sodium  Hypochlorite 

Krperijiienl  4. — Triturate  in  a mortar  2 parts  of  chlori- 
nated lime  with  a solution  of  .3  parts  of  sodium  carbonate  in 
20  of  water,  and  filter.  The  filtrate  is  the  oflieial  solution  of 
chlorinated  st)da  (^Liquor  Soda’  Ch/oriiiala',  B.P.). 

[Ca(C10),-|-CaCP]  + 2Na.,C()3  = 2[NaC10  + NaCl]  -t-  2CaCO, 

Chlorinated  Soffiam  Clilorinated  Caloinm 

lime  carbonate  soda  carbonali* 

This  solution  is  an  old  and  very  useful  disinfecl.int,  for- 
merly known  as  iMharraque’s  litiuor  and  Eau  dc  JavcUc.  It 
contains  about  21,  jrer  cent,  of  jivailable  chlorine. 
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Sodium  Iodide  and  Sodium  Bromide 
1 hese  salts,  Nal  and  NaBr  (^Sodii  lodidum,  B.P.,  and  Sodii 
liromidinii,  B.B.),  are  analogous  in  conij)osition  Avith  potassium 
iodide  and  bromide,  and  are  preiuired  by  a similar  metliod, 
sodium  hydroxide  being  used  in  plaee  of  potassium  hydroxide. 
Sodium  bromide,  hoAvever,  must  be  crystallized  from  Avarm 
solutions,  otherAvise  rhombic  pri.sms  containing  Avater, 
NaBr,2H.,(),  Avill  be  deposited. 


Other  Sodium  Compounds 

l'’.xperiments  dealing  Avith  the  chemistry  of  the  remaining 
important  sodium  compounds  (namely,  nitrate,  sulphate,  thio- 
sulphate, borate,  ar.senate,  valerianate,  and  ethylate)  are 
deferred  for  the  ])rcscnt. 

Sodium  Plioxplialc. — I'he  prejiaration  and  com))osition  of 
this  s.alt  Avill  be  most  usefully  studied  after  bone-ash  has  been 
described.  Bone-ash  is  impure  calcium  phosphate,  and  is  the 
starling  juniit  for  the  jireparation  of  most  other  phosphates 
and  for  phosphorus  itself. 

77/e  offu'ud  J'JJI'erm'xccid  Sodium  Cilro-Tariralc  {Sodii  Ciiro- 
I mi  rax  KJJrnwxceiix,  B.P.)  is  a mixture  of  sodium  bicarbonate 
( 1 7 ])arls),  citric  acid  (G),  tartaric  acid  (9),  and  sugar  (5), 
Avhieh  has  been  heated  to  200°  or  220°  F.  (about  93°  to  104° 
C.)  and  manipulated  so  as  to  assume  a granular  character. 
When  re(juired  for  medicinal  use,  an  appropriate  quantity  of 
the  mixture  is  ])laced  in  Avater  ; escape  of  carbonic  anhydride 
at  once  occur.s,  and  an  effervescing  liquid  results.  This  sub- 
stance may  be  regarded  as  the  official  representative  of  the 
])opular  Effervescing  Citrate  of  Magnesia,  so-called,  Avhieh 
Avill  be  further  noticed  in  connection  Avith  the  salts  of  mag- 
nesium. 

Sodii  Plioxj)ltax  EJfc.rvvxccnx,  B.P.,  and  Sodii  Sidpl/ax  KJj'cr- 
rexceiix,  B.P.,  are  the  respective  auhijdroux  salts,  mixcal  Avith 
sodium  bicarbonate  and  tartaric  and  citric  acids. 

Soda  Idurderx  (Pu/rerex  EJJerrcxccnicx,  U.S.P.,  1870). — 
Formed  of  30  grains  of  sodium  bicarbonate  and  25  of  tar- 
taric acid,  Avrapped  separately  in  papers  of  different  colours. 
When  mixed  Avith  Avater,  carbonic  anhydride  escajics,  and 
sodium  tartrate,  Na^C,H,0(.,  results,  a little  sodium  bicar- 
bonate also  remaining. 

Sodium  peroxide,  Na.,0,„  a compound  noA\'  manufactured  on 
a large  scale,  is  used  as  a bleaching  agent. 
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' Aiiulogit’s  of  Sodium  and  Polax.sium  sails. — Other  reactions 
( similar  to  those  given  under  potassium  might  be  mentioned 
I hercj  and  the  preparation  of  sodium  citrate,  iodate,  bromate, 

I chlorate,  manganate,  permanganate,  and  many  other  salts  be 
described.  But  enough  has  been  stated  to  show  how  sodium 
lis  chemically  analogous  to  potassium.  Such  analogies  will 
^ frequently  present  themselves. 

Suhslihdion  of  Potassium  and  Sodium  sails  for  each  oilier. — 

1 : Sodium  salts  being  cheaper  than  potassium  salts,  the  former 
I may  sometimes  be  economically  substituted.  That  one  is 
I ■ employed  rather  than  the  other,  is  often  merely  a result  due 

I to  accident  or  fashion.  But  it  must  be  borne  in  mind  that 
^ in  some  cases  a potassium  salt  crystallizes  more  readily  than 
j its  sodium  analogue,  or  that  a sodium  salt  is  unchanged  by 
5 exposure  to  the  air  when  the  corresponding  potassium  salt 
J has  a tendency  to  absorb  moisture  ; or  one  may  be  more 

soluble  than  the  other,  or  the  two  may  have  dih’erent  medi- 
cinal efi’ccts.  Tor  these  or  similar  reasons,  a potassium  salt 
has  come  to  be  used  in  medicine  or  trade  instead  of 
the  corres])onding  sodium  salt,  and  idee  versa.  When  a 
salt  is  employed  as  a source  of  a {)articular  acid  radical, 
the  least  expensive  salt  of  that  radical  is  nearly  always 
selected, 
i 

I Anali/tieal  Reaetions  of  Sodium  Sails. 

' 1.  'Phe  chief  auaitjlieal  rcaetion  for  sodium  is  the  Jlame-tesl. 

I \N  hen  brought  into  contact  with  a Bunsen  Hame  in  the 
I manner  described  under  Totassium  (page  83),  an  intensely 
' { yellow  colour  is  communicated  to  the  flame  by  any  sodium 
I salt.  'This  is  highly  characteristic— indeed,  almost  too 
I delicate  a test;  for  if  the  end  of  the  wire  he  touched  by 
! the  fingers,  enough  sodium  salt  (which  is  contained  in  tiu' 
moisture  of  the  hand)  adheres  to  the  wire  to  communicate 
a very  distinct  sodium  reaction  to  the  flame.  These  state- 
ments should  be  experimentally  verified,  sodium  chloride, 

' sulj)hatc,  or  other  salt  being  employed. 

2.  Sodium  salts,  like  those  of  potassium,  are  not  volatile. 
I’rove  this  fact  by  the  means  dcsi'rihcd  wlu-rc  tin;  effect  of 

II  heat  on  potassium  salts  is  referred  to  (p.  83), 
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QUESTIONS  AND  EXERCISES 

Explain  the  action  of  sodium  on  water.  What  colours  do  sodium 
and  potassium  respectively  communicate  to  flame  ? — How  much  sodium 
bicarbonate  can  be  obtained  from  2240  pounds  of  crystallized  carbon- 
ate? Am.,  131o'5  lbs. — Sodium  Acetate:  give  formula  and  prepara- 
tion, with  equation. — Give  a diagram  showing  the  formation  of  Sodium 
Bicarbonate. — Why  is  a mixture  of  dried  and  undried  sodium  carbon- 
ate employed  in  the  preparation  of  the  bicarbonate? — State  the 
difference  between  anhydrous  and  crystallized  sodium  carbonate. — 
Define  the  terms  atihi/drom,  hydrom,  anhydride. — What  do  you  under- 
stand by  water  of  rrystallizalion? — What  is  the  systematic  name  of 
Soda  Tartarata,  B.B.,  and  how  is  the  salt  prepared? — What  is  the 
relation  of  Rochelle  .salt  to  cream  of  tartar  and  tartaric  acid? — Give 
the  mode  of  preparation  of  the  official  Solution  of  Chlorinated  Soda, 
re|)resenting  the  ])rocess  by  a diagram. — How  is  the  effervescing 
Sodium  Citro-tartratc  ])rej)ared? — Define  deliqmecence,  effioresaenee, 
and  li.viviation. — How  are  sodium  salts  distinguished  from  those  of 
])otassium  ? 


AMMONIUM 

Radical  of  the  ammonium  comjioumls,  NH., 

The  elements  nitrogen  and  hydrogen,  in  the  proportion 
of  one  atom  of  the  former  to  four  of  the  latter  (NH  |),  are 
j>resent  in  all  the  ammonium  compounds  about  to  be  studied, 
playing  the  part  of  metallic  radical  just  as  potassium  (K)  and 
sodium  (Na)  do  in  the  [)otassium  and  sodium  compounds. 
I’he  group  NH  j is  univalent  like  potassium  and  sodium,  and 
the  ammonium  compounds  closely  re.semble  those  of  pota.s- 
sium  and  sodium.  Ammonium  is  said  to  have  been  isolated, 
by  Weyl,  as  an  unstable  dark-blue  liquid,  possessing  a metal- 
lic lu,stre. 


Source. — 'The  source  of  nearly  all  the  ammonium  salts 
met  with  in  commei'ce  is  the  ammonia  gas,  NH^,  produced 
during  the  distillation  of  all  kinds  of  coal  in  the  manufacture 
of  ordinary  illuminating  gas  and  of  coke.  This  ammonia  is 
no  doubt  derived  from  the  nitrogen  of  the  plants  from  which 
the  coal  has  been  produced.  It  is  obtained  as  a by-jn-oduct 
in  the  distillation  of  shale  for  the  production  of  paraffin  oil, 
and  is  also  recovered  from  the  furnace  gases  of  iron-works. 
It  is  pos.sible,  however,  to  produce  ammonia  from  its  elemenls. 
'riius  when  electric  sparks  are  passed  through  a mixture  of 
nitrogen  and  hydrogen,  or  when  a similar  mixture  is  passed 


AMMONIUM 


95 


I over  spongy  pIciLiiiumj  some  ammonia  is  jn-oduced.  Accord- 
1 ing  to  Rickman  and  Thompson,  coal-dust,  air,  and  vapour  of 
water,  all  at  a red  heat,  yield  ammonia.  Salt  added  to  the 
mixture  prevents  the  combustion  of  the  ammonia  formed,  and 
ammonium  chloride  sublimes. 

Atumuiiiitm  Chluridc. — The  ammonia  liberated  from  the 
“ammoniacal  licpior  ” of  the  gas-works  by  heat  and  by  the 
concurrent  action  of  slaked  lime  on  the  ammonium  hydro- 
1 sulphide,  carbonate,  and  other  salts  present,  when  passed 
I into  hydrochloric  acid,  yields  crude  ammonium  chloride  (sal- 
; ammoniac),  NH3  + IC1  = NH^C1;  and  from  this  salt,  purified, 
the  others  used  in  pharmacy  are  directly  or  indirectly  made. 
.\mmonium  Chloride  (^Amnumii  Cldoridum,  B.P.)  occurs  in 
I colourless  inodorous  minute  crystals,  or  in  translucent  fibrous 
1 masses,  tough,  and  difficult  to  powder,  soluble  in  water  (1  in 
10  is  the  “Solution  of  Ammonium  Chloride,”  B.P.)  and  in 
alcohol  (90  per  cent.). 

Commercial  ammonium  chloride  generally  contains  slight 
'traces  of  iron  oxychloride,  tarry  matter,  and  possibly  com- 
pound ammonium  chlorides  {.sec  “Artificial  Alkaloids”  in 
I Index). 

Ammofiiitm  Sulphale,  (NH^).,SO^,  is  formed  when  the 
ammonia  of  the  ammoniacal  licpior  is  neutralized  with  sul- 
phuric acid.  It  is  largely  used  as  a constituent  of  artificial 
manure ; and  when  purified  by  recrystallization,  is  employed 
in  pharmacy  for  producing  the  double  ammonium  and  ferric 
sulphate  (iron  alum). 

rolcanic  Ammonia. — A very  pure  form  of  ammonia  is  that 
met  with  in  volcanic  districts,  and  obtained  as  a by-product 
I in  the  manufacture  of  borax.  Crude  boric  acid  as  imjiorted 
'Contains  5 to  10  percent,  of  ammonium  salf.s,  either  sulphate- 
! or  that  salt  united  with  magnesium,  sodium,  or  manganese 
I sulphates,  forming  so-called  double  .sa/l.s-  {Ilo/rard'). 

Ammonium  Amalgam 

h.vperimcnl  1. — To  forty  or  fifty  grains  of  mercury  in  a 
'<lri/  test-tube,  add  one  or  two  small  pic-ces  of  sodium  (freed 
' -from  adhering  naphtha  by  gentle-  jircssurc  with  a pice-c  of 
fillcr-|)aper),  and  gently  warm  the  tube,  when  the-  im-lals 
will  unite  with  evolution  of  he-at  to  Ibi-m  sodium  amalgam. 

I lo  this  amalgam,  when  cold,  add  some  fragments  of  am- 
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luouiuiu  chloritle  uiul  a concentrated  solution  of  the  same 
salt.  The  sodium  amalgam  rapidly  swells  iq)  and  may  even 
overflow  the  tube.  The  light  spongy  mass  produced  is  the 
so-called  ammonium  amalgam,  and  the  reaction  is  usually 
adduced  as  evidence  of  the  existence  of  ammonium.  The 
sodium  of  the  amalgam  unites  with  the  chlorine  of  the 
ammonium  chloride,  while  the  ammonium  is  supposed  to 
form  ;in  amalgam  with  the  mercury.  At  ordinary  tempera- 
tures the  amalgam  rapidly  gives  off’  hydrogen  and  .ammonia 
gases ; this  decom))o.sition  is  nearly  complete  after  some 
niinules,  and  mercury  remains,  together  with  solution  of 
.sodium  chloride. 

Ammonia.  Ammonium  Hydroxide 

Kipcriiiiciil  2.—  Heat  .a  few  grains  of  ammonium  chloride 
with  about  ;in  ccpial  weight  of  calcium  hydroxide  (slaked 
lime)  moistened  with  a little  water  in  a test-tube;  ammonia 
gas  is  given  off',  and  may  be  recognised  by  its  pungent  odour. 
It  is  very  soluble  in  water.  By  means  of  a cork  and  delivery- 
tube,  fitted  as  described  for  the  preparation  of  oxygen  and  of 
hydrogen,  pass  some  of  the  ammonia  into  another  test-tube 
containing  a little  w.ater.  The  end  of  the  delivery-tube 
should  only  just  dip  beneath  the  surface  of  the  water  (or, 
possibly,  all  the  water  might  rush  back  into  the  generating- 
tube,  on  account  of  the  water  greedily  absorliing  the  ammonia 
gas).  A solution  of  ammonia  will  thus  be  formed. 


A molecule  of  ammonia  is  composed  of  one  atom  of 
nitrogen  with  three  atoms  of  hydrogen;  its  formula  is  NH^. 
Two  volumes  of  the  gas  contain  one  volume  of  nitrogen  com- 
bined with  three  volumes  of  hydrogen.  Its  constituents 
have,  therefore,  in  combining  suffered  eondens.ation  to  onc- 
half  of  their  original  bulk. 

The  solution  obtained  by  dissolving  ammonia  in  water  is 
believed  to  contain  ammonium  hydroxide,  NHjOH,  the, 
analogue  of  potassium  hydroxide,  KOM,  or  sodium  hydroxide. 


2NH,C1  -(-  ( 


Uaicilllll  OilUiiUlii 

liydroxiilo  oliloricjo 


cliloriilo 
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NnOH.  Tlio  chemical  ivrouiuls  for  tin's  l)clicf  arc  tlic  observed 
inalocries  of  the  well-known  ammonium  salts  with  those  of 
potassium  and  sodium,  the  similarity  of  action  of  solutions  of 
caustic  potash,  caustic  soda,  and  ammonia  on  salts  of  most 
metals,  and  the  asserted  existence  of  crystals  of  an  ana- 
logous sulphur  salt  (NH  jSH).  The  formation  of  ammonium 
hydroxide  may  be  illustrated  by  the  following  equation  : — 
NIT,  + H.,0  = NH^OH 

Animuiiiii  Watur  Ammonium 

liydroxiflu 

Su/iilioiix  oj  Ammuniu,  prepared  by  the  above  process  on  a 
large  scale  and  in  suitable  aj)paratus  (bottles  being  so  arranged 
in  a series  as  to  condense  all  the  ammonia  evolved  during  the 
operation),  are  used  in  pharmacy — the  one  (s]i.  gr.  0'891) 
containing  32  5 per  cent.,  the  other  (sp.  gr.  0‘959)  10  per 
cent,  by  weight  of  ammonia,  NH„  (^IJijnor  AddiioiiIic  Furlix 
find  Liquor  Ammo)iice,  B.P.  One  part,  6//  meuxure,  of  the 
former,  and  two  of  water  are  mixed  in  order  to  obtain  the 
latter). 

Spirilux  A iinuoiiia',  U.S.P.,  is  alcohol  (91  per  cent.)  contain- 
ing 10  per  cent,  by  weight  of  ammonia,  NH  ,. 

Ammonium  Acetate 


F.i])criiiienl  .3. — To  acetic  acid  and  water  in  a test-tube  add 
commercial  ammonium  carbonate  (acid  carbonate  and  car- 
liamate)  until  effervescence  ceases,  and  the  liquid,  after  well 
fstirring  or  shaking,  or  perhaps  warming,  to  get  rid  of  carbonic 
sinhydride,  is  only  faintly  acid  to  litmus  (xee  j).  101).  This 
«olution,  when  of  j)rescribed  strength,  forms  the  official 
Solution  of  .Ammonium  Acetate,  N H^C., H.,0.,  (/ir/aor /I 
Acclatix,  ITP.).  On  evaporating  and  cooling,  ammonium 
iicetate  may  be  obtained  in  crystals,  but  some  of  the  salt  will 
then  have  undergone  dec()mi)osition  into  ammonia  and  acetic 
acid.  In  the  rare  case  of  e.vacl  neutrality  being  required,  to 
“the  liquid  which  has  been  made  slightly  alkaline  with  excess 
of  ammonium  carbonate  add  acetic  acid,  finally  drop  by  droj), 
until  a dro[i  of  the  resulting  solution  no  longer  gives  a white 
precipitate  with  a drop  of  a clear  solution  of  ordinary  lead 
iicetate  (on  a piece  of  glass  backed  by  black  paper  nr  black 
cloth). 

I ,11C03,NH ,N H/T),  h 3HC.,F I,,C).  = .3N II  + H.,() -t- 2CCT 

■Ammonium  arirl  rarlionate  Ap«tic  Animoiiiiiin  AVatci'  (’arlmnitf 

I ami  carbamate*  aci-l  acolatn  anliv.irirlu 
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Solution  of  amnioniuin  acetate  caii,  of  course,  also  be  made 
by  the  interaction  of  acetic  acid  and  solution  of  ammonia ; 
but  the  liquid,  owing  to  the  absence  of  dissolved  carbonic 
acid,  is  too  vapid  for  medicinal  use. 

Ammonium  Carbonates 

('oiiivicrcifil  (wivioniitm  cnrhoiialc  is  made  by  heating  a 
mixture  of  calcium  carbonate  and  ammonium  chloride  ; cal- 
cium chloride,  CaCl^,  remains,  while  Avater,  H.X),  and  some 
ammonia,  NM.„  escape,  and  the  ammoniacal  carbonate  distils 
or,  rather,  sublimes  * in  cakes  (^Ammonii  Cctrbonas,  B.P.).  The 
best  torm  of  apparatus  to  employ  is  a retort  with  a short  wide 
neck  and  a cool  receiver.  On  the  large  scale  the  retort  is 
usually  iron,  and  the  receiver  earthenware  or  glass  ; on  the 
sm.'di  scale  glass  vc-ssels  ;ire  eni])loyed.  'i'he  salt  is  ])urified 
by  resid)limation  al.  :i  low  temperature — 1.^)0°  1'.  C)  is 

s.aid  to  be  sudieicnt. 

The  salt,  tlu“  empirical  formula  of  which  is  NgHjjC.jOj, 
is  ju'obably  a mixture  of  one  molecule  (sometimes  two)  of 
ammonium  hydrogen  carbonate  (ammonium  bicarbonate). 
Nil., I ICO.,,  and  one  of  a salt  termed  ammonium  carbamate, 
NI I |N  1 CCO„.  The  latter  belongs  to  an  im])ortant  class  of 
s;dts  known  as  car/uimalex,  but  is  the  only  one  of  direct 
interest  to  the  j)harmacist.  Cold  water  extracts  it  from  com- 
mercial ammonium  carbonate,  leaving  the  greater  part  of  the 
l)icarbonate  undi.ssolved  if  the  amount  of  water  used  be  very 
small.  Alcohol  also  extracts  the  carbamate,  leaving  the 
bicarbonate  undissolved.  In  contact  with  water  the  car- 
bamate soon  changes  into  normal  ammonium  carbonate  : — 
N H^N H„C()„  + H„0  = (N H.,),,COg  ; so  that  an  aqueous  solution 
of  commercial  ammonium  carbonate  contains  both  hydrogen 
ammonium  carbonate  and  normal  ammonium  carbonate.  If 
to  such  a solution  some  ammonia  be  added,  a solution  of 
normal  ammonhrm  carbonate  is  obtained : this  is  the  common 
reagent  found  on  the  shelves  of  the  analytical  laboratory. 
I'lius,  “Solution  of  Ammonium  Carbonate,”  B.P.,  is  prepared 

* Suhlimation  (from  mhlimis,  high)  is  the  term  applied  to  the 
vaporization  of  a solid  substance  by  heat,  and  its  subsequent  condensa- 
tion on  an  upper  and  cooler  part  of  the  vessel  or  apparatus  in  which 
the  operation  is  performed.  The  product  of  subliiufition  is  called 
a mblimate.  Different  substances  sublime  at  different  temperatures, 
hence  a mixture  of  volatile  solids  may  sometimes  be  separated  or 
fractionated  by  sublim.'ition. 
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oy  dissolvin,"'  the  commercial  salt  in  water  to  which  solution 
»f  ammonia  has  been  added. 

N H,HC03,N  H,N  H.CO,  + N H,0  H = 2(N  H J.COg 

■S'ormal  ammonium  carbonate  is  the  salt  formed  on  adding 
concentrated  solution  of  ammonia  to  the  commercial  car- 
bonate in  preparing  a pungent  mixture  for  toilet  smelling- 
bottles  ; but  it  is  unstable,  and  on  continued  exposure  to  air 
s converted  into  a mass  of  crystals  of  bicarbonate. 

If  ammonium  carbonate  contain  more  than  traces  of  em- 
byreumatic  matters  (from  the  gas-liquor),  an  aqueous  solu- 
tion of  it,  with  excess  of  sulphuric  acid  added,  will  at  once 
lecolorize  a dilute  solution  of  potassium  permanganate. 

Sal  I'olatile  (^Spiritiix  Ammonia'  Aromalicus,  B.P.)  is  a spirit- 
lous  solution  of  about  1]  per  cent,  of  ammonia,  NH.j,  nearly 
li  per  cent,  of  normal  ammonium  carbonate,  (Nil  with 

»ils  of  nutmeg  and  lemon,  (’ommercial  samples  contain  salts 
equivalent  to  from  1 to  nearly  3 per  cent,  of  ammonia,  the 
► fficial  sj)irit  yielding  a total  of  nearly  21  jier  cent  of  the  gas. 
•'etid  spirit  of  ammonia  (^SpirUiis  Ammonia;  Felidns,  B.P.)  is  an 
Icoholic  .solution  of  the  volatile  oil  of  asafetida  mixed  with 
dilution  of  ammonia. 

Ammonium  Nitrate 

K.rperhmmt  4. — To  some  dilute  nitric  acid  add  “ammonium 
.arbonate,”  until,  after  well  stirring,  a slightly  ammoniacal 
•dour  remains.  The  solution  contains  ammonium  nitrate. 

<;H,HC().,^NH,NH2C0.,  + 3HNO3  = SNH.NOg  -f  H3O  + 2CO„ 

Ammonium  hydrogen  carbonati!"  Nitric  Ammonium  Water  Carbonic 

and  carbamate  acid  nitrate  anliydridi; 

From  a concentrated  hot  solution  of  ammonium  nitrate, 
Tystals  may  be  obtained  containing  much  water  (NH|N(),j, 
2H.^O).  On  heating  these  in  a dish  to  about  320“  F.  (100“ 
^)  the  water  e.scapes.  The  fused  anhydrous  salt  remaining 
NH^N03)  may  be  poured  out  on  an  iron  plate.  On  further 
eating  the  fused  nitrate,  at  350°  to  450“  F.  (about  177“  to 
•32°  C.),  it  is  resolved  into  nitrous  oxide  or  lamr/iimr-pai-  and 
•ater,  NH,N03  = N3()-|-2Il30. 

2sHrons  o.ride  is  prepared  in  this  way  for  use  as  an  aiui's- 
(letic.  \\  hen  retjuired  for  iidialation,  it  is  washed  from  any 
“ace  of  nitric  acid  or  nitric  oxide  by  being  passed  througl; 
iblution  of  |)(jtassium  hydroxide  and  solution  of  ferrous  sul- 
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jihnte,  the  former  absorbing  acid  vapours,  the  latter  nitric 
oxide.  It  is  slightl}'  soluble  in  vi'arm  water,  more  so  in  cold. 
It  supports  combustion  almost  as  well  as  oxygen.  By  the 
application  of  sufficient  pressure  it  may  be  reduced  to  a colour- 
less liquid,  and  by  simultaneous  cooling  it  can  be  solidified. 
Inhalation  of  a mixture  of  nitrous  oxide  and  air  causes 
laughter  or  other  excitement. 


Ammonium  Citrate,  Phosphate,  and  Benzoate 

Kx])crimeul  5. — To  a solution  of  citric  acid,  add 

solution  of  ammonia  until  the  well-stirred  liquid  smells  faintly 
of  ammonia.  This  solution,  when  of  prescribed  strength  and 
made  with  ammonium  carbonate  in  order  that  it  may  contain 
a little  carbonic  acid  and,  hence,  be  less  va))id  for  medicinal 
use,  forms  the  official  Solution  of  Ammonium  Citrate, 
(N Il,)3C,jHr,C)-  (^I.itjuor  Ammouii  Cilratix,  B.P.).  Ammouhm 
Hio.spliale,  (NH  |).,H  I’O,  {Ammouii  Phosphus,  B.P.),  and  Am- 
monium lieiKMite,  NH 1C-II3O.,  {Ammouii  Bcn::oas,  B.P.),  are 
ahso  made  by  adding  solution  of  ammonia  to  phosphorie  acid, 
HyPO.,,  and  benzoic  acid,  IIC-Hj().„  respectively,  evaporating 
(keej)ing  the  ammonia  in  slight  excess  by  adding  more  of  its 
solutio7i),  and  setting  aside  to  cry.stallizc. 


Citric  aci'l 

+ 

3NH.,()1I 

Animoniiini 

liydroxido 

Ammonium  citrate 

+ 

31UO 

WatTr 

H3PO, 
I’liosphoric  acid 

+ 

2NH,,()H 

Ammonium 

liydroxido 

= (NHJ^HPO, 

Ammonium  phosidiato 

+ 

2H3O 

Water 

HC-H5O., 

IJcnzoic  acid 

+ 

NII^OIl 

Ammonium 

hydroxide 

= NPI.C-H^O. 

Ammonium  benzo.ate 

+ 

H3O 

Water 

Ammonium  phosphate  occurs  in  transparent  colourless 
pi-isms,  soluble  in  water,  insoluble  in  alcohol ; ammonium 
benzoate  occurs  in  crystalline  plates,  soluble  in  water  and 
in  alcohol.  An  extended  formula  for  ammonium  benzoate  is 
C,;H./COONH^;  for  ammonium  citrate,  C,jH  ,•OH•(CO()NH.^)3. 

Ammonium  Bromide,  NH^Br,  {Ammonii  Bromidum,  B.P.), 
will  be  noticed  in  connection  with  Ilydrobromic  Acid  and 
other  Bromides.  Ammonium  Iodide,  NI  l ,I,is  included  in  the 
United  States  Pharmacopa'ia. 


i 


AMMONIUM 


101 


Ammonium  Oxalate 

Experiment  G. — To  a nearly  boiling  solution  of  1 part  of 
oxalic  acid  in  about  8 of  water  add  ammonium  carbonate 
until  the  liquid  is  neutral  to  lest-pnper  (see  following  para- 
graphs), filter  while  hot,  and  set  aside  to  crystallize.  The 
product  is  Ammonium  Oxalate,  B.P.,  (NHj)^CoOj,  H^O,  or 
(COONHJ.,j  H„0.  A solution  of  it  is  used  as  a reagent  in 
analysis ; 1 part  of  the  pure  salt  in  40  of  water  forms 
“Solution  of  Ammonium  Oxalate,”  B.P. 

3H,aO.,  -t  2N,Hi^CA)5  = 3(NHJ,CA)^  + 4CO.  -t-  211,0 

Oicalfc  “Ammonium  Ammonium  Carbonic  Walter 

acid  carbonate”  oxalate  anliydridc 

Xeutralization. — Thus  far  the  methods  by  which  the  student 
has  avoided  excess  of  either  acid  matter  on  the  one  hand,  or 
alkaline  on  the  other,  have  been  the  rough  aid  of  taste, 
cessation  of  effervescence,  presence  or  absence  of  odour,  etc. 
M ore  delicate  aid  is  afforded  by  test-papers. 

'Te.it-papers. — Litmus  (B.P.)  is  a blue  vegetable  pigment, 
prepared  from  various  species  of  RoeccUa  lichen,  exceedingly 
sensitive  to  the  action  of  acids,  which  turn  it  red.  When 
thus  reddened,  alkalies  (caustic  potash  or  soda,  and  ammonia) 
and  other  soluble  hydroxides,  alsoalkali-metal  carbonates,  etc., 
readily  turn  it  blue.  The  student  should  here  test  for  him- 
self the  delicacy  of  this  action  by  exj)eriments  with  |)aper 
soaked  in  solution  of  litmus  and  dipped  into  very  dilute 
.solutions  of  acids,  acid  salts  (e.g.  KHC,Hj()|.),  alkalies,  and 
such  neutral  salts  as  potassium  nitrate,  sodium  sulj)hate,  or 
ammonium  chlorifle. 

Solution  of  Litmus  (B.P.). — 'I'his  is  prepared  from  purified 
litmus.  Gently  boil  litmus  with  four  times  its  bulk  of 
alcohol  (90  per  cent.)  for  an  hour.  Pour  away  the  fluid  aiid 
repeat  the  operation  twice.  Digest  the  residual  litmus  in 
distilled  water  and  filter. 

lUue  litmus-paper  (B.P.)  is  “made  by  impregnating  un- 
glazed white  paper  with  a solution  of  litmus.”  Red  Utmus- 
paper  (B.P.)  is  “made  by  im|)regn;iting  unglazed  white  paj)cr 
with  solution  of  litmus  rcaldened  by  the  previous  addition  of 
a very  minute  (piantity  of  sulphuric  acid.” 

Turmerie  juiper  {W.W)  similarly  |)repared  from  Tincture 
of  I’urmeric  (B.P.)  (1  of'  turmeric  root  or  rhizome  to  G of 
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alcoliol  (90  per  cent.),  macerated  for  seven  days),  is  occa- 
sionally useful  as  a test  for  alkalies,  which  turn  its  yellow  to 
brown;  acids  do  not  affect  it.  Several  other  indicators  ” 
of  alkalinity  or  acidity  are  used,  such  as  Solution  of  Methyl 
Orange,  Solution  of  Phenol-phthalein,  and  Tincture  of  Cochi- 
neal. 


Ammonium  Hydrosulphide 

K.vpenincnl  7. — Pass  hydrogen  sul])hide,  H„S,  through  a 
small  (piantity  of  ammonia  solution  in  a test-tube,  until  a 
))ortion  of  the  licpiid  no  longer  causes  a white  precipitate 
in  .solution  of  magnesium  sulphate;  the  product  is  a solution 
of  ammonium  hydrosulphide,  NH^SH,  a valuable  chemical 
reagent,  as  will  presently  be  ajiparent ; — 

N H.,()H  + I CS  = NH^SH  + 11,0 

“Solution  of  Ammonium  Ilydrosulphidt',”  B.P.,  is  made 
by  saturating  .‘5  jiarts  by  measure  of  solution  of  ammonia 
with  washed  hj’drogen  suli)liide,  and  then  adding  2 parts  by 
measure  of  solution  of  ammonia.  The  solution  should  be 
|)reserved  in  a welI-stoj)j)ed  bottle. 

Ili/drogcii  Sulphide  or  sidpInireUed  hiidrogeii  is  a poisonous  gas 
posses.sing  an  un])leasant  odour;  hence  the  above  o])eration 
and  many  olbers,  descriljed  farther  on,  in  wliich  this  gas  is 
indispensable,  must  be  performed  in  the  open  air,  or  in  a 
J iniie-eiiphuard — a chamber  so  contrived  tliat  noxious  gases 
and  vaj)ours  shall  escape  into  a chimney  in  connection  with 
the  external  air.  In  the  above  exj)eriment,  the  small  quantity 
of  gas  recjuired  can  be  made  in  a test-tube.  Place  some 
fragments  of  ferrous  sulphide,  PeS,  in  a test-tube,  add  water 
and  then  sulphuric  acid  ; the  gas  is  at  once  evolved,  and  may 
be  conducted  by  a tube  into  the  ammonia  solution.  Ferrous 
sulphate  remains  in  solution  in  the  generating  tube: — 

Fe.S  + M,SO,,  = Il,S  -f-FeSO^ 

yVs  heat  is  not  necessary  in  the  pre])aration  of  sulj)hur- 
etted  hydrogen,  “ Hydrogen  Sulphide,”  H.P.,  the  test-tube  ol 
the  foregoing  (»])eration  may  be  advantageously  replaced  by 
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a bottle,  esjiecially  when  larger  quantities  of  the  gas  are 
required.  In  analytical  operations,  the  gas  should  be  purified 
by  passing  it  through  water  contained  in  a second  bottle. 


A convenient  aj)paratus  for  experimental  use  is  arranged 
as  follows : — Two  common  wide-mouthed  bottles  are  selected, 
the  one  having  a caj)acity  of  about  half  a pint,  the  other  a 
quarter  pint ; the  former  may  be  called  the  geiicratiiig-holllr, 
the  latter  the  ira.sli-hutlle.  Fit  both  bottles  with  good  sound 
corks.  Through  each  cork  bore  two  holes  of  such  a size  that 
glass  tubing  of  about  the  diametir  of  a (|uill  pen  shall  fit 
them  tiglitly.  'I’lirougli  one:  of  tlie  holes  in  the  cork  ol'  tiu' 
generating-bottle  pass  a funnel-tube,  so  that  its  i-xtremitv 
may  nearly  reach  the  bottom  of  the  bottle.  'J’o  tIu'  other 
hole  adapt  a piece  of  tubing,  G inches  long,  and  bent  in  the 
middle  to  a right  angle.  A similar  “ elbow- tid)c  ” is  fitted  to 
one  of  the  holes  in  the  cork  of  the  wash-bottle,  and  another 
elbow-tube,  one  arm  of  which  is  long  enough  to  ri'.ich  to  near 
the  bottom  of  the  wash-bottle,  is  fitted  to  the  other  hole. 
Removing  the  corks,  two  or  three  ounces  of  water  are  now 
poured  into  each  bottle,  .an  ounce  or  two  of  ferrous  sulphide 
put  into  the  generating-bottle,  and  the  coi’ks  re))laeed.  The 
elbow-tube  of  the  generating-bottle  is  now  attached  by  ,a 
short  piece  of  indiarubber  tubing  to  the  long-armed  elbow- 
tube  of  the  wash-bottle,  so  that  gas  coming  from  the  geiicr.-itor 
may  |)ass  through  the  water  in  the  wash-bottle.  I’he  delivery- 
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tube  of’  the  wasli-bottle  is  then  lengthened  by  attuehing  to  it, 
I)y  means  of’  indiarubber  tubing,  another  pieee  of  glass  tubing 
several  inelies  in  length.  Tlie  a])paratus  is  now  ready  for 
use.  Concentrated  sul|)Iniric  acid  is  ))ourcd  down  tlie  funiicl- 
tube  in  small  (piautities  at  a time,  until  brisk  effervescence  is 
eslablished,  and  more  is  added  from  time  to  time  as  the 
evolution  of  gas  l)ecomes  slow.  The  gas  passes  through  the 
tubes  into  the  wash-bottle,  where,  as  it  bubbles  uj)  through 
the  water,  any  traee  of  sulphuric  acid,  or  other  matter 
mechanically  carried  over,  is  arrested,  and  thence  the  gas 
(lows  out  at  the  delivery-tube  into  any  vessel  or  liquid  that 
may  be  placed  there  to  receive  it.  7'he  generator  must  be 
detached  occasionally,  and  the  ferrous  sulphate  washed  out 
of  it.  Should  didiculty  be  experienced  in  obtaining  sufficiently 
sound  corks  to  make  gas-tight  fitlings  for  the  aj)))aratus, 
double-bored  rubber  stoppers,  obtainable  from  any  a])])aratus 
dealer,  may  be  em])loyed. 

1 1 ydrogen  sulphide  dissolves  in  water  to  a moderate  extent, 
yielding  a solution  which  smells  sti'ongly  of  the  gas,  and  is 
fre(|uently  em|)loyed  as  a reagent.  When  the  solution  is 
exjHjsed  to  air  the  hydrogen  sulphide  rapidly  undergoes 
oxidation  with  deposition  of  white  sulj)hur  ; — 

•J1 CS = 21IT)  + S,. 

.huili/lu'dl  licdctioHs  of  Animuiiium  SdHs. 

1 . To  a solution  of  an  ammonium  salt  (ammonium  chloride, 
for  example),  in  a test-tube,  add  solution  of  caustic  soda  (or 
caustic  ])()tash,  or  slaked  lime),  and  warm  the  mixture ; a 
eharaeleristie  odour  (ammoni;i,  Nil.,)  results; — N11|C1-I- 
Na()Il  = Nll3-L  11,0  + Natl. 

The  recognition  of  the  odour  of  ammonia  is  one  of  the 
readiest  means  of  detecting  the  jn-esenee  of  this  substance; 
but  the  following  tests  are  occasionally  useful.  Into  the 
u])])er  jiart  of  the  test-tube  insert  a glass  rod  moistened 
with  co?K‘entiMtcd  hydrochloric  acid  (Unit  is,  with  the 
acpieous  solution  of  hydrochloric  acid  gas  conventionally 
termed  hydrochloric  acid,  the  Ariduui  Ili/drorldoricuw  of 
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the  I’lianuacopceia)  ; wliite  fumes  of  ammonium  chloride 
will  be  ])roduced  : — NH,,  + HCl  = NH^Cl.  Hold  a j)iece 
of  moist  red  litmus-{)aper  in  a tube  from  which  ammonia 
is  being  evolved;  the  red  colour  uill  be  changed  to  blue. 

Though  ammonium  itself  cannot  be  obtained  in  the  free 
state,  its  comj)ounds  are  stable.  As  the  foregoing  experimenl 
shows,  ammonia  is  easily  expelled  from  these  compounds  by 
the  action  of  the  stronger  alkalies,  caustic  potash,  caustic- 
soda,  or  slaked  lime.  As  a useful  exercise,  the  student 
should  here  construct  equations  in  which  ammonium  acetate, 
NH^C„H30,„  sulphate,  (NH|)., so,,  nitrate,  NH,N().,,  or  any 
other  ammonium  salt,  is  sup])osed  to  be  under  examination  ; 
also  equations  representing  tlie  use  of  the  other  liydroxides, 
KOH  or  Ca OH).. 

2.  To  a few  drops  of  a solution  of  an  ammonium  salt, 
add  a drop  or  two  of  chloroplalinic  acid,  H,,PtCl„  ; a 
yellow  crystalline  precipitate  of  ammonium  chloro})latinate, 
(XH^).PtCl3.  will  be  jiroduced,  similar  in  appearance  to  the 
coriv.spouding  potassium  salt,  the  remarks  concerning  which 
(•vcc  |).  Si)  are  equally  applicable  to  tlie  precipitate  under 
notice. 

I'o  a moderately  coiicentrati-d  solution  of  an  ammonium 
salt  add  a saturated  solution  of  sodium  hydrogen  tartrate-,  and 
shake  or  well  stir  the  mixture  ; a white  granular  prei-ijjitate 
of  anmminum  hydrogen  tartrate  (a(-id  ammonium  tartrate) 
will  be  formed. 

I- or  data  trom  whi(-h  to  const  nu-t  an  ccpiation  rcprc-sc-nting 
this  ac-tion,  S(-(-  the  remarks  ;ind  formula-  under  the  analogous 
])otassium  salt  (p.  82). 

1.  J-ivaporatc- a tew  droj)S  of  a solution  of  an  ammonium  salt 
to  dryness,  or  plac-e  a fragnumt  of  a solid  ammonium  s;dt  on  a 
piece  of  platinum  foil,  and  heat  in  a flame;  thes.-dt  is  i-(-adily 
iHtlatUr:r(l , usually  with  dcconqtosilion  (.vcc  p.  KHi).  ;\s  alrc-ady 
noticed,  the  salts  of  potassium  and  sodium  nrvji.vcd  {i.c.,  non- 
volatile^ uiidcr  th(-se  <-ircumslaiK-es,  .a  |)oint  of  difrcri-uce  o( 
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whicli  advantage  is  frequently  taken  in  anal^'sis.  A porcelain 
erucible  may  often  be  advantageously  substituted  for  plati- 
num foil  in  experiments  on  volatilization. 

Salts  of  ammonium  with  the  more  complex  acid  radicals 
seldom  volatilize  unchanged  when  heated.  The  oxalate,  when 
.so  treated,  loses  its  water  of  crj'stallizatioji,  and  at  a higher 
temperature  decomj)oses,  yielding  earbonic  oxide,  carbonic 
anhydride,  ammonia  gas,  w'ater,  and  several  organic  sub- 
staiic(5S.  The  |)hos])hate  loses  water  and  ammonia,  and  yields 
a residue  of  metaphos])horie  acid. 

,/  irire  Irianglc  may  be  used  in  su])porting  crucibles  (fig. 
lM).  It  is  made  by  twi.sting  together  each  pair  of  ends  of 
three  (6-  or  G-inch)  crossc'd  pieces  of  wire  (fig.  22).  A piece 
of  tobacco-pi|)e  .stem  (about  2 inches)  is  sometimes  placed  in 
the  middle  of  each  wire  before  twisting,  the  transference  of 
any  metallic  matter  to  the  sides  of  the  crucible  being  thereby 
prevented  (fig.  2'1). 


Lithium  is  widely  distributed  in  nature,  but  is  usually  in 
minute  proportions  as  compared  with  other  elements.  A 
trace  of  it  may  be  found  in  most  soils  and  waters,  a ccrtaiji 
S])ring  in  Cornwall  containing  even  considerable  quantities  as 
chloride. 

Lithium  carbonate,  Li.^CO^  (Lil/iii  ('tirhoinis,  11.1’.),  is  a 
wdiite  granular  powder  obtaiiied  from  the  minerals  which 
contain  lithium — namely,  lepidolitc  (from  AfTnk,  /e/a.v,.a  scale, 
;ind  Xl.Oo'i,  mhos,  a stone,  referring  to  its  scaly  ;ip])carancc)  ; 


Fui.s.  21,  22,  23. — Triaiigiiliir  Supiiurts  for  Cnicibliis. 


LITHIUM:  Li.  Atomic  weight,  6-97 
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tripliane  (from  rpeli,  Ireis,  three^  and  pliaiiid,  1 shine) 

or  spodumene  (from  crTroSow,  .s-poduo,  I reduce  to  ashes,  in 
allusion  to  its  exfoliation  in  the  blowpipe-dame)  ; and  petalite 
(from  -€TaX.o\',  pelaloii,  a leaf,  referring  to  its  laminated 
character).  Each  contains  aluminium  silicate,  with  potassium 
and  lithium  fluoride  in  the  case  of  Austrian  lepidolitc  (whicli 
is  the  most  abundant  source)  and  sodium  and  lithium  silicates 
in  tlie  others.  To  separate  the  lithium,  lepidolite  is  decom- 
posed by  sul[)huric  acid;  alumina,  etc.,  preci[)itated  by 
ammonia  ; the  filtrate  evaj)orated  and  the  residue  ignited. 
The  resulting  sulphates  are  dissolved  in  water  and  lithium 
carbonate  is  precipitated  by  adding  a solution  of  a carbonate. 
The  preparation  of  common  alum  is  sometimes  made  a part 
of  the  factory  j)rocesses.  Lilhii  Carbonas,  B.P.,  should  yield 
‘^only  the  slightest  reactions  with  the  te.sts  for  calcium  and 
for  sulphates.”  It  is  soluble  in  68  parts  of  water  at  15“  C. 
and  in  131  at  100°  C. 

Lithium  citrate  (Lilhii  Cdras,  B.P.)  is  used  in  medicine. 
It  occurs  in  white  deliquescent  crystals  or  powder,  “])repared 
by  saturating  citric  acid  with  lithium  carbonate.”  'I’he  crystals 
have  the  formula  Li.jC,;H-0-,  4H  dried  at  212°  F.  (100°  C.), 
Li.,C,jH.O-,  H„()  (L'lnney^ 

3LiTX),  4-  21I,r„H-0-  2Li,C,.H.O-  + 3H,()  + 3CO, 

IJUiiiiin  (Mtric  acid  liitliiuni  ^S’lltLT  CurbonTc 

‘•arb'^iiatf  cilralf  aiihydiBlo 

Lilhiuin  citrate  should  yield  by  incineration  52’8  per  cent, 
of  white  lithium  carbonate.  Lilhii  dims  KJj'cn'cscrus,  B.P., 
is  prejiared  by  mixing  lithium  citrate  witli  citric  and 
tartaric  acids  and  sodium  bicarbonate,  then  heating  and 
stirring  until  the  mixture  assumes  a granular  character. 

.Vdditional  salts  of  lithium,  included  in  the  Luiitcd  States 
Pharmacop(Eia,  are  /7/An  Ilciirjoas,  U.S.P.,  laC-l  l.()., ; fdlhii 
linnuidum,  U.S.P.,  I.iBr;  and  /7//n7 -SV//n7//n.v,  U.S. I’.,  LiC-IL().,. 

/./’/Ah/w  nrn/c * is  more  soluble  than  sodium  urate;  hence 
lithium  preparations  are  admiinstcred  to  gouty  patients  in 
the  hope  (apparently  (piite  unintelligible  on  ;iuv  elumiieal 
grounds)  that  sodium  urate,  with  which  such  systems  art' 
lo  ided,  may  be  converted  into  lithium  urate  and  removed. 

In  its  analytical  behaviour,  lithium  stands  in  some 
respects  l)etween  the  alkali-metals  |)otassium  and  sodium, 

* Prates  will  lie  considered  sid)sef|neiit Iv  in  eonneefion  willi  uric 
acid. 


108 


THE  METALLIC  llADICALS 


and  the  metals  ol  the  barium  group  (barium,  strontium,  and 
calcium),  its  liydroxide,  carbonate,  and  j)hosphate  being 
only  slightly  soluble  in  water.  Lithium  chloroplatinate, 
Li.^l’tCl,;,  is  soluble  in  water  and  in  alcohol.  The  atom  ol’ 
litliium  is  univalent.  In’. 

Ucartions  of  I.iiliiinii  Sails. 

1.  To  a solution  of  lithium  chloride,  I-iCl  (obtained  by 
dissolving  a few  grains  onithium  carbonate  in  dilute  hydro- 
chloric acid),  add  a solution  of  ordinary  sodium  phosphate, 
Xa^Ill’()|,  and  a little  sodium  hydroxide,  or  ammonia,  and 
boil.  A white  crystalline  precipitate  of  lithium  phosphate 
is  produced  : 

3LiCI  + NaJ  I PO,  -i-  NaOlI  = Li.,P().j  + 3NaCl  + H/) 

2.  Moisten  the  end  of  a j)latinum  wire  with  a solution 
of  a lithium  salt,  and  introduce  it  into  the  flame  of  a Jbinsen 
burner  or  s])irit-lam]) ; a maginficent  crim.son  tinge  is  im- 
parted to  the  flame. 

'I'hc  light  thus  emitted  b}'  incandescent  lithium  vapour  is 
of  a ])urcr  crimson  than  that  given  by  strontium.  When  the 
flames  arc  examined  by  means  of  the  spectroscope  the  red 
rays  arc,  in  (he  case  of  strontium,  found  to  be  associated 
with  blue  and  yellow,  neither  of  which  is  observed  in  the 
lithium  light. 

(fialilalivc  . Iiui/i/.ns. 

With  regard  to  those  of  the  ])rcceding  experiments  which 
are  useful  rather  as  means  of  detecting  the  presence  of 
pota.ssium,  sodium,  ammonium,  and  lithium  (the  so-called 
“tests”),  than  as  illustrating  the  j)re))aration  of  sall.s,  the 
student  should  proceed  to  ajrply  them  to  certain  solutions  of 
any  of  the  salts  of  these  mcballic  radicals  with  the  view  of 
ascertaining  which  radical  is  present ; that  is,  ju'occed  to 
practical  aiiali/sis.*  A little  thought  will  enable  him  to  ajijil}' 

*Sucli  .solutions  are  ])re])iircd  in  educational  laboratories  by  a 
tutor.  They  should,  under  other  eireumstanees,  he  mixed  by  a friend, 
as  it  is  not  desirable  for  the  .student  to  know  in-eviously  what  is 
contained  in  the  substance  he  is  about  to  analyse. 

'j'he  analysis  of  solutions  coTitaining-  only  one  salt  serves  to 
impress  die  ’memory  with  the  characteristic  tests  for  the  various 
metallic  and  other  nidicals,  and  familiarize  the  mind  with  chemical 
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I lie  reactions  in  tlie  most  suitable  order  and  to  the  best 
advantage  for  the  contemplated  juii'iiose  ; but  the  following 
arrangements  are  perhaps  as  good  as  can  be  devised  : — 

Directions  for  aprlvino  the  analytical  reactions  descriiied 
IN  THE  FOREGOINO  I’ARAGRAI'IIS  to  the  ANALV'SIS  of  an 
aqueous  solution  of  a salt  of  one  of  the  metai.lic 
RADICALS,  potassium,  SODIUM,  AMMONIUM,  LITHIUM. 

To  a small  portion  of  the  solution  to  be  examined,  in  a 
test-tube,  add  caustic  soda,  and  warm  the  mixture ; the 
odour  of  ammonia  gas  reveals  the  presence  of  an  ammonium 
salt. 

To  a few  dro[)s  of  the  solution,  apjily  the  bismuth  thio- 
sulphate test  for  potassium  (p.  82) ; a j'cllow  }irccipitate 
indicates  thi*  presenci'  of  potassium.  Potassium  may  also 
be  detected  by  means  of  the  chlorojilatinic  acid  test,  but  only 
in  the  known  absence  of  ammonium  salts. 

'J’he  Hame-test  is  sufficient  for  the  recognition  ot  sodium 
or  of  lithium. 

Directions  for  APPL^■|^•G  the  an ali  tk  al  re.mtions  descriiied 
IN  the  foregoing  paragraphs  to  the  anai.asls  of  an 
AQUEOUS  SOLl'TION  OF  SALTS  OF  ONE  OR  MORE  OF  •|HE 

alkali-metals. 

I.  In  cases  when  it  is  not  necessary  to  effect  actual 
separation  of  the  metallic  radicals  pri^sent,  the  examination 
of  the  solution  may  best  be  carried  out  by  making  special 
tests  for  (;ach  of  them  as  below  : — 

lo  a small  jiortion  of  the  solution  in  a test-tube,  add 
caustic  soda  and  warm  the  mixture  ; the  odour  of  ammonia 
reveals  the  |)resence  of  an  ammonium  salt. 

principles.  Medical  students  .seldom  have  time  to  go  farther  than 
this.  More  thorough  analytical  and  general  chemical  knowledge  is 
only' acfiiiired  liy  working  on  such  mixtures  of  substances  as  are  met 
with  in  aetual  praetice,  lieginning  with  solutions  which  may  con- 
tain any  or  all  of  the  memliers  of  a group.  lienee  in  this  .Alanual 
two  tallies  of  short  analytical  directions  are  given  under  each  group. 
Pharmaceutical  students  should  follow'  the  second. 
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bisniutli  thiosulphate  test  for  j)otassium  to  a 
few  droj)S  of  the  solution  (p.  82).  The  formation  of  a yellow 
l)i'ccipitate  indicates  the  presence  of  a potassium  salt.* 

lo  another  portioii  of  the  solution  add  sodium  phosjjhate 
and  then  ammonia  until  the  litpiid,  after  shaking,  smells  of 
ammonia,  and  boil.  'I'hc  formation  of  a white  j)reci])itate 
indicates  the  ])resence  of  a lithium  salt.  Test  for  lithium 
also  by  the  flame-test. 

'I’he  Hame-tc.st  is  suflicient  for  the  recognition  of  sodium 
unless  it  is  present  in  small  (juantity  along  with  much 
lithium.  In  such  a case  the  sjiectroscojie  maj'^  be  emjiloyed. 
I'races  of  lithium  may  also  be  detected  in  presence  of  much 
sodium  by  means  of  the  spectrosco])c. 

A'o/c  on  llicjlmnv-lr.si. When  the  violet  lint  ini])arted  to 

l.he  H;imc,  by  potassium  salts  is  maskc'd  by  the  intense*  yellow 
colour  due  to  sodium,  it  may  still  be  recognised,  in  the 
absence  of  lithium  salts,  if  the;  flame  be  observeel  through 
a piece  of  dark-blue  glass,  a medium  which  absorbs  the 
yellow  rays  of  light  but  allows  the  violet  rays  to  pass.  It 
is  iK)t  safe  to  examine  a se)lution  for  ))otassium  by  the  flame- 
te*st  in  the  known  presence  of  lithium  .salts. 

II.  Should  it  be  necessary  actually  to  sejiarate  the 
metallic  radicals  fre)m  one  another,  the  analj'sis  may  be 
carried  out  according  to  the  following  method  : — 

Commence  b}^  testing  a small  portion  of  the  solution  for 
an  ammonium  salt;  if  it  be  j)resent  it  must  be  got  rid  of 
prior  to  testing  for  (and  if  j)resent,  removing)  potassium  as 
chloroplatinate.  Evaporate  the  remainder  of  the  original 
solution  to  dryness  in  a small  basin,  transfer  the  solid  residue, 
by  instalments  if  necessarj*,  to  a ])orcelain  crucible,  and  heat 
the  latter  to  low  redness  until  white  fumes,  due  to  the 
decomposition  of  ammonium  salts,  no  longer  escape  (.vce  fig. 
19).  This  o])eration  should  be  conducted  in  a fume-cu]i- 
board,  to  avoid  contamination  of  the  air  of  the  laboratorj'. 
When  the  crucible  has  cooled,  di.ssolve  the  solid  i-esidue  in 
a .small  (piantity  of  hot  water,  filter  if  necessaiy,  add  excess 
of  chloroplatinic  acid  (i.e.,  add  suHicient  of  the  reagent  to 
convert  the  whole  of  the  alkali-metals  present  into  chloro- 

* If  an  animoniimi  salt  l)c  present,  it  is  desirable  to  get  rid  of  it 
as  deseril)ed  under  II.,  before  a])plying  this  test  for  potassiinn. 
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])latin;ites)  and  evajinratt'  to  dryness  on  a water-bath,  or  at 
any  rate  at  a temjierature  not  exceeding  100°  C.  Digest  the 
residue  for  some  time  witli  alcoliol,  and  filter  : — 


Residue. — A heavy 
j-ellow  powder  con- 
sisting of  ]K>tassiuni 
chloroplatinatc, 
KoPtCl,,.  Wash  with 
alcohol ; dry  ; trans- 
fer to  a porcelain 
crucible,  and  heat 
gradually  up  to  red- 
ness. Treat  the  resi- 
due with  hot  water, 
and  filter  : 


Residue.  — 
Consists 
of 

platinum. 


/•'il/riite.  - 
Contains 
pcjta.ssiinn 
chloride. 
Confirm 
potassium 
by  the 
Hame-test. 


Filtrate. — May  contain  sodium  and  lithium 
chloroplatinates,  with  excess  of  chloro- 
platinic  acid.  Evaporate  or  distil  off  the 
alcohol,  and  heat  to  redness  the  brown 
solid  which  remains.  Treat  the  residue 
with  hot  water,  and  filter  : 

Residue. — Filtrate.  - contain 
Consists  of  NaCl  and  LiCl.  Evaporate 
|)latinnm.  to  dryness.  Treat  repeatedly 
with  alcohol,  filtering  each 
instalment. 

Residue.-  Filtrate.-  Ma_\ 
NaCl;con  contain  EiCl.  ; 

firm  by  A]>ply  (lame-test.  | 
llame-tesl. 


Sole  on  Somenclatiire. — Tlie  (»j)eration.s  of  evaporation  and 
heating  to  redne.ss,  commonly  termed  ignition,  are  frequently 
necessary  in  analysis,  and  are  usually  conducted  in  the  above 
manner.  If  vegetable  or  animal  matter  be  ]>resent  also, 
carbon  is  set  free,  and  ignition  is  accomj)anied  by  carboniza- 
tion ; the  material  is  said  to  char.  When  all  carbon.aceous 
matter  is  burnt  off  (the  ciaicible  being  slightly  inclined  and 
its  cover  removed  to  facilitate  combustion),  and  mineral 
matter,  or  a.sh,  alone  remains,  the  operation  of  incineration 
has  been  efl’ecTed. 

Ao/c  on  the  Classification  of  the  I'Acntenls. — The  compounds 
of  j)otassium,  sodium,  ammonium,  and  lithium,  have  many 
analogies.  The  carbonates,  phosphates,  and  other  common 
salts  are  solubh;  in  water,  exciqit  lithium  carbomatc  .and 
phosphate,  which  are  oidy  si)aringly  solubha  y\toms  of  the 
metallic  radic.als  arc  univalent  that  is,  each  (lisjilaces  or  is 
flisplaced  by  one  atom  of  hv<lrogen.  In  fact,  these  radicals 
c-onstitute  by  their  similarity  in  iiroju  rties  .a  distinct  group  or 
famih.  .All  the  elements  thus  naturallv  fall  into  el.asses 
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/I  iact  that  should  constantly  he  borne  in  mind,  and  evidence 
of  \vhich  should  always  he  sought.  It  would  he  iinpossilile 
for  the  memory  to  retain  the  details  of  Chemistry  Avithout  a 
.system  of  classification  and  leading  principles.  Classification 
is  also  an  imjjortant  feature  in  the  art  as  well  as  in  the  science 
of  Chemistry  ; for  without  it  practical  analysis  could  not  he 
undcn-taken.  'I’he  classification  adopted  in  this  volume  is 
founded  on  the  cpiantivalence  of  the  elements  (or  radical.s) 
and  on  their  analytical  and  general  relations. 


QCKSTION.S  AND  KXKUCISKS 

Wliy  arc  aumioiiiiini  .salts  clas.scd  with  tliosc  of  pota.ssiiim  and 
Midiimi?  Mention  the  .sources  of  tlie  annnoTiiuin  .salts.— Dc.seribe  the 
cli.'iraeters  of  Animoninin  Chloride.— Give  tlie  formula  of  Ainmoniuin 
.Sulphate.— Adduce  evidence  of  I he  exi.stenee  of  Aninioniuni.— How 
is  Solution  of  Ammonia  |)rej)arcd  ? — How  is  the  ollicial  Solution  of 
.\ininonium  Acel.ate  [u-epared  •- — What  is  the  composition  of  com- 
nicrei;il  Ammonium  Carhon.atc? — Define  utihiimdlion, — What  am- 
monium salts  are  eontiiincd  in  S/iirl/.ioi  ^hnmoniev  ylroinaf.iciin,  B.P., 
and  S/iiri/iis  ylmmoniw  Fo/m/ks,  H.IL? — Giv<^  diagrams  or  equations 
illustrating  the  formation  of  Ammonium  Citrate  (from  hydroxide  and 
from  carbonate),  Phosi)hatc,  and  Benzoate. — Give  the  formula  of 
Ammonium  Oxalate. — How  is  ammonium  hydroxide  converted  into 
hydrosidphidc  ? — Describe  the  preparation  of  Hydrogen  Sul])hidc. — 
Knumerate  and  explain  the  tests  for  ammonium.  — How  is  potassium 
detected  in  a solution  in  which  ammonium  has  been  found? — Give 
equations  illustrating  the  action  of  sodium  hydroxide  on  ammonium 
acetate;  potassium  hydroxide  on  ammonium  sulj)hate ; and  ealeium 
hydroxide  on  ammonium  nitrate. — Name  the  sources  and  offieial 
com])onnds  of  litliium. — Plx]rlain  the  formation  of  lithium  citrate. — On 
what  chen)ieal  hypothesis  are  lithium  compounds  admini.stered  to 
gouty  i)aticnts? — What  are  the  chief  te.sts  for  lithium? — Describe  the 
analysis  of  an  acpieous  liquid  containing  salts  of  potassium,  sodium, 
;unmonium,  and  lithium. — What  meanings  are  commonly  assigned  to 
the  terms  evaporation,  i</n{lion,  carhonizatio7i,  and  hichiei-af, ion  s' — Write 
a short  article  descriptive  of  the  analogies  of  j)otassium,  sodium, 
ammonium,  and  lithium,  and  their  compounds. 


BARIUM,  STRONTIUM,  CALCIUM, 
MAGNESIUM 

These  four  elements  Inivc  many  Jinalogics. 
are  hivalenl  - Ba",  Hr",  Ca",  Mg  . 


'I'hcir  atoms 
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BARIUM  : Ba.  Atomic  weight,  136‘4 

It  is  the  analytical  reactions  of  this  metal  which 
are  of  chief  interest  to  the  stnclenl  of  pharmacy.  Barium 
nitrate,  Ba(XOy).,,  ami  chloride,  Bad.,,  3H.,0  (Barium 
Chloride,  B.P.,  and  “Solution  of  Barium  Chloride,”  B.P.,  1 in 
10  of  water)  are  the  soluble  salts  in  common  use  in  analysis. 
These  and  other  salts  are  made  by  dissolving  the  native 
carbonate,  BaCO.j  (the  mineral  n'lllierite)  in  acids,  or  by 
heating  the  other  common  natural  comjwund  of  barium,  the 
sulphate  (^/icapi/  ir/iite  or  hear//  spar,  BaSC)_|)  with  coal,  which 
yields  barium  sulphide,  BaS  (BaSOj  + 1C  = ICO  + BaS),  and 
treating  this  with  aj)propriate  acids.  When  the  nitrate  is 
strongly  heated,  it  decomposes,  yielding  barium  oxide  or 
harijla,  BaO.  B\'  intensely  lieating  a mixture  of  barium 
sul[)hate  and  carbon  in  the  electric  furnace,  barium  oxide 
mixed  with  a small  proportion  of  sulphide  is  now  jirepared 
on  a large  .scale.  Baryta,  on  being  moistened,  unites  with 
the  elements  of  water  with  the  evolution  of  mucii  heat,  and 
yields  barium  hydroxide,  Ba(OH),.  The  latter  is  tolerably 
soluble,  giving  harijla  iralcr ; and  from  this  solution  crystals 
of  barium  hydroxide,  Ba(()I  ]).„8H.,C),  are  obtained  on 
evaporation.  Barium  hydroxide  is  largely  used  in  the 
refining  of  sugar. 

Jtariuin  pero.ridr,  Ba().„  is  formed  on  passing  air  over 
barium  oxide  heated  to  about  000“  C.  At  a somewhat  higher 
temperature,  oxygen  is  evolved  and  barium  oxide  remains. 
This  is  Boussingault’s  old  process;  but,  after  a time,  the 
barium  oxide  loses  its  power  of  combining  with  additional 
oxygen.  If  the  air  be  freed  from  carbonic  aidiydride,  and 
the  peroxide  be  not  exposed  to  a niiu'h  higher  temperature 
than  b00°  C.,  the  barium  oxide  can  be  used  over  and  over  again. 
The  air  is  jiasscd  over  it  under  increased  jiressiire,  and 
gives  rise  to  the  formation  of  I he  peroxide.  'I’hc  air  is  then 
turned  off,  and  the  additional  oxygen  is  gis’cn  up  ag.iin  when 
the  pressure  is  sufficiently  rialuced  by  means  of  air-pumps. 
Ibis  im))rovcment  is  used  in  the  process  of  Messrs  Brin, 
who  sell  the  oxygi-n  compressed  within  strong  steel  eylindei's. 

I lijilrogrii  Pc.ro.vidi:.—  \\y  the  action  of  a dilute  acid, 
barium  peroxide  yields  a solution  of  liijd roy,r)i  j)rrn.vidr, 
formerly  called  o.iijirriialrd  irtdrr.  An  a(|ueous  sohdion  ol’ 
hydrogen  j)croxide  which  yields  (by  the  decom])osition  of 
the  peroxide)  ten  tinu's  its  volume  of  oxygen,  is  the  oliiei.d 

II 
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iMjuor  Ili/drogeiiii.  Pvroxidi,  “ 1 volumej  treated  in  a 

hrinc-ehargetl  nitrometer  with  ten  or  twelve  times  its  bulk 
ol  a mixture  of  1 volume  of  sulphuric  acid,  2 volumes  of  a 
five  ])cr  cent,  solution  of  jHttassium  permanganate,  and  7 
volumes  of  water,  should  afford,  at  normal  temperature  and 
pressure,  not  less  than  IS,  and  mtt  more  than  22  volumes 
of  oxygen,  indicating  a yield  of  i)  to  11  volumes  from  the 
solution  of  h^'drogen  peroxide  - 

Oil/), 4-  21vMnO.,  + ;5H,S(),  = 50,  + 8H./)  + K.,SO.,  + 2MnSO^ 

One  half  of  the  oxygen  comes  from  the  peroxide,  and 
one  half  from  the  permanganate.  The  peroxide  readily 
3’ields  oxj'gen  to  many  inorganic  and  organic  substances. 

Harii  Dio, rid  inn  and  Anna  1 1 ij  dm  genii  Dio.ridi  are  included 
in  the  United  States  Pharmacopteia. 

Ana/i/lieal  lieac/ion.\  o f liarimn  Sall.s. 

1.  I'o  the  aejueous  solution  of  an}'  soluble  barium  salt 
(nitrate  or  chloride,  for  example)  add  dilute  sulphuric  acid  ; a 
white  precipitate  is  obtained.  Set  the  test-tube  aside  for  two 
or  three  minute.s,  and  when  some  of  the  precipitate  has  fallen 
to  the  bottom,  pour  avay  the  suj)ernatant  liquid,  wash  the 
j)recij)itate  by  adding  water,  shaking,  setting  aside,  and  again 
decanting  ; and  then  add  moderately  concentrated  nitric  acid, 
and  boil  ; the  j)recipitate  is  insoluble.  The  precipitate  is  at 
once  produced  b}'  the  addition  of  a solution  of  calcium  sid- 
phatc  or  other  soluble  sulphate. 

The  production  of  a white  precipitate  b}'  sul])huric  acid 
or  other  sulphate,  insoluble  even  in  hot  nitric  acid,  is  highl}' 
characteristic  of  barium.  'I'lie  precipitate  consists  of  barium 
sulphate,  BaSOj. 

2.  To  a solution  of  a barium  salt  add  solution  of  jiotas- 
sium  chromate,  K,CrO, ; a pale-yellow  precijhtate  of  barium 
chromate,  BaCrO,,  is  immediately  formed.  Add  acetic  acid 
to  a portion;  it  is  insoluble.  Add  h^'drochlorie  or  nitric  acid 
to  another  jwrtion  ; it  dis.s(»lves. 

Potassium  bichromate  or  aidiydrochromatc,  K,CrO,,  CrO^, 
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or  K .Ci'.O-,  must  not  be  used  in  tins  reaction,  ollicrwise  the 
barium  will  be  only  j)artially  jireci])iiatcd,  as  the  bichromate 
gives  rise  to  the  formation  of  free  acid,  in  which  barium 
chromate  is  to  some  extent  soluble : — 

K.,Ci-().„  Cr()3  + 2BaCh  + bLO  = 2BaCr(),  + 2KCI  + 2HC1 

Other  .hia/i/licd/  Reactions. — To  a solution  of  a barium 
salt  add  a solution  of  a carbonate  (ammonium  carbonate, 
(NH3).,CC)3,  will  generally  be  rather  more  useful  than  the 
others);  a white  j>recipitate  of  barium  carbonate,  BaC03,  is 
formed.  To  another  portion  of  the  solution  add  an  alkali- 
metal  phosphate  (sodium  ))hosphate,  Na.,IIPOj,  is  the  most 
common  of  these  chemically  analogous  salts,  but  ammonium 
phosphate  (NH3)., II BO3,  is  often  used  in  preference);  white 
barium  hydrogen  ])hosj)hate,  BaHPO,,  is  precipitated,  in- 
soluble in  pure  water,  but  slightly  soluble  in  aqueous  solutions 
of  some  salts,  and  readily  soluble  even  in  acetic  and  other 
weak  acids.  To  another  portion  add  ammonium  oxalate, 
(NH3).,C.,(), ; white  barium  oxalate,  BaC.,().|,  is  precij)itated, 
soluble  in  dilute  mineral  acids,  and  sjxiringly  so  in  acetic 
acid.  Barium  salts,  moistened  with  hydrochloric  acid,  impart 
a greenish  colour  to  a Bunsen  Hame  or  spirit-lamp  dame. 

Meinorandinii. — Good  practice  will  be  found  in  writing 
out  ecpiations  to  represent  each  of  the  foregoing  reactions. 

Jutidotes.-  \u  cases  of  ])oisoning  by  soluble  barium  salt.s, 
obvious  antidotes  would  be  solution  of  alum  or  of  such 
sulphates  as  those  of  magnesium  (Kpsoni  salt)  and  sodium 
(Glauber’s  salt). 


Ql-K.STIOX.S  AND  KXKHC’l.SK.S 

\\  hat  is  the  valency  of  l)ariuin  ':' — Write  llie  formula’  of  hariuin 
oxide,  hydroxide,  chloride,  nitrate,  and  .sulphate;  .ind  stale  how  th<- 
siihstanees  are  pret)ared.  — Describe  the  preparation  of  hydrogen  per- 
oxide.— Which  of  the  tests  for  barium  are  most  eharaeleristie  — Give; 
erjuations  for  the  reactions. — Name  the  antidote  in  e.ises  of  ))oisoning 
by  solul)le  barium  salts,  ;ind  ex|ilain  its  action. 
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STRONTIUM  : Sr.  Atomic  weight,  86’94 

OcciuTcncc. — Strontium  compounds  are  not  abundant  in 
nature  ; yet  tlie  carbonate,  SrCO.j,  known  as  stronlianite,  and 
the  sulphate,  SrSO.,,  known  as  cckslim  (from  ccehtm,  the  skj', 
in  allusion  to  its  occasiojial  bluish  colour),  are  by  no  means 
rare  minerals. 

Snilx  of  xtroiiliinn  are  occasionally  employed  in  medicine, 
the  following  being  official  in  the  United  States  Pharma- 
coj)ocia  : — Slroii/ii  Bromidam,  SrBr,„6H,jO  ; Slronlii  lodidnm, 
SrI,„GM.,();  S/roiilii  JmcIox,  Sr(C3lIr,0”,).„3H.,0.  The  com- 
])ounds  of  this  metal  are,  however,  chiefly  used  by  firework- 
manufacturers  in  prej)aring  “red  fire.”  Strontium  hydroxide, 
like  barium  hydroxide,  is  much  u.scd  in  sugar-refining.  Stron- 
tium salts  impart  a crimson  colour  to  the  flame.  Strontium 
nitrate,  Sr(N().,)„,  is  the  most  suitable  strontium  salt  to  use 
in  making  pyrotechnic  mixture.s,  its  oxygen  causing  vigorous 
combustion  when  the  salt  is  mixed  with  charcoal,  sulphur, 
etc.,  and  heated.  'Phis  salt  may  be  obtained  by  dissolving 
I he  carbonate  in  nitric  acid  ; a method  which  is  appropriate 
for  the  preparation  of  other  strontium  salts  if  the  correspond- 
ing acids  arc  employed.  Strontium  salts  may  also  be  pre- 
])ared  from  the  cheajier  strontium  sulphate,  SrSOj,  by 
strongl}'  lieating  this  with  carbon  to  convert  it  into  sulphide, 
SrS,  and  then  dissolving  the  latter  in  the  appropriate  acids. 
Strontium  sulphate  is  very  sj)aringly  soluble  in  water. 

Analijlical  Rcaclionx  of  Slroidium  Sa/lx. 

1.  To  a solution  of  strontium  nitrate  or  chloride  add 
ammonium  carbonate  ; a white  precipitate  of  strontium  car- 
bonate, SrCO.j,  is  produced. 

2.  'I'o  a solution  of  a strontium  salt  add  highly  dilute 
sulphuric  acid,  or  an  ecpially  dilute  .solution  of  any  sulidiatc 
(that  of  calcium,  for  exami)lc);  a white  precipitate  of  strontium 
sulphate,  SrSO,,  is  produced.  The  formation  of  this  pre- 
cipitate is  promoted  by  stirring  and  by  setting  the  liquid 
aside  for  some  time.  (Barium  .salts  give  an  immediate 
precipitate  under  similar  circumstances.) 

3.  To  a dilute  solution  of  a strontium  salt  add  potassium 
chromate;  no  jweciintate  is  j)roduced  unless  the  mixture  is 
allowed  to  stand  for  some  time,  or  is  boiled. 
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Barium  may  be  separated  from  strontium  by  means  of 
potassium  chromate^  this  reagent  at  once  precipitating 
barium  from  aqueous  or  acetic  acid  solutions.  The  value  of 
the  reaction  is  enhanced  if  acetic  acid  or  ammonium  acetate 
be  present,  strontium  chromate  being  far  more  soluble  in 
such  fluids  than  in  water  (Ransom).  It  is  also  more  soluble 
in  cold  than  in  hot  solutions. 

4.  Moisten  the  end  of  a platinum  wire  with  a solution  of 
a strontium  salt  and  hold  it  in  the  Bunsen  flame  ; a crimson 
colour  is  imparted  to  the  flame. 

Olher  Analiilical  Ileaclioiis. — Alkali-metal  phosphates  and 
oxalates  give  white  insoluble  j)recipitates  with  strontium  salts 
as  with  barium  (and  also  with  calcium)  salts. 

CALCIUM  : Ca.  Atomic  weight,  39'7l 

Occurrence,  etc. — Calcium  compounds  form  a large  propor- 
tion of  the  crust  of  our  earth.  Calcium  carbonate  is  met  with 
as  chalk,  marble,  limestone,  calc-spar,  etc.  ; the  sulphate  as 
gypsum  and  alabaster  ; the  silicate  in  many  minerals  ; calcium 
fluoride  as  fluor-spar.  The  phosphate  is  also  a common 
mineral.  Plaster  of  Paris  {ilalcil  Sulphas  E.rslccatus,  U..S.P.) 
is  gypsum  from  which  the  water  of  crystallization  has  been 
driven  away  by  heating  to  a temperature  of  dull  redness. 
4’he  element  itself  is  only  isolated  with  great  difliculty.  Its 
melting  point  is  760°  C.  ; its  sp.  gr.  T85. 

Calcium  Chloride 

E.rj)erimeul  1. — To  some  hydrochloric  acid  add  calcium 
carbonate  (chalk,  or  the  purer  form,  white  marbR;),  CaCO.,, 
until  efl’ervesceTice  ceases  ; filter;  solution  of  calcium  chloride, 
CaCf,,  a c-ommon  soluble  calcium  salt,  is  formed. 

CaCO,  -t  2HC1  = CaCk  I HT)  I-  CO., 

(Jalcium  Hy<lrocliloric  ralcinin  Wtitcr  (’arbfinic 

carlyjnab*  ar.i*I  nlilfu’ido  anliyiiriilo 

This  solution  may  be  obtained  cpiitc  neutral  by  veil  boil- 
ing before  filtering  off’f  he  excess  of  nuirble. 

Solution  of  calcium  chloride  evaporated  to  a syrupy  con- 
sistence yields  crystals  (CaCl.,,61 1.,0).  'I'hcsc  are  extremely 
deli(|ucscenl . 4’lie  solution,  evaporated  t o drvness,  and  th(‘ 
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white  residue  heated  to  about  392°  F.  (200°  C.),  gives  solid 
calcium  chloride,  CaCl,„2H^O  {(\tlcu  Chloridum,  B.P.),  in  a 
porous  form.  The  resulting  lumps  are  used  for  drying  gases 
and  for  freeing  certain  liiiuids  from  water.  Calcium  chloride 
is  .soluble  in  alcohol. 

M arble  often  contains  ferrous  carbonate,  FeCO.j,  which  in 
the  above  j)roc('.ss  becomes  converted  into  ferrous  chloride, 
rendering  the  calcium  chloride  impure; — 

FeCO,  + 211  Cl  = FeCl„  + H.p  + CO, 

l•'|■m)ns  llyfirocliloru;  Fen-rms  ^Vator  Carbonlo 

carlMmati^  ac.id  Hildviila  aiiliy<h'l(lo 

If  pure  calcium  chloride  be  required,  a few  drops  of  the 
solution  should  be  poured  into  a test-tube  or  beaker,  diluted 
with  water,  and  examined  for  iron  (by  adding  ammonium 
hydrosulphide,  which  gives  a black  jirecijutate  with  iron 
salt.s),  and,  if  the  latter  is  present,  calcium  hypochlorite  (in 
the  form  of  chlorinated  lime)  and  slaked  lime  should  be  added 
to  the  remainder  of  the  liquid,  and  the  whole  boiled  for  a 
few  minutes.  The  iron  is  precipitated  as  ferric  hydroxide, 
and  is  filtered  oil’: — 

lFeCl._,  -I-  Ca(Cl()),+  lCa(()H),  + 2H,0  = 4Fe(()H)3  + r>CaCl., 

l'’(!rroii.s’"  Calf'itim  ""  (Jalc.inm  WaLor  Fari'ia  Calpimir 

(Miloridn  liypoclilorita  liyilmxiip!  liydmxidi'  (ddoridi' 

The  solution  of  calcium  chloride  so  obtained  may  contain 
some  calcimu  chlorate.  On  adding  excess  of  ammonium  car- 
bonate and  heating  gently,  then  w'ashing  the  precipitate 
thoroughly  w'ith  hot  water  {see  p.  120)  and  redissolving  it 
in  hydrochloric  acid,  a pure  solution  of  calcium  chloride  may 
be  obtained. 

'J’his  process  may  be  imitated  on  the  small  scale  after 
adding  a minute  piece  of  iron  to  a fragment  of  the  marble 
before  dissolving  in  acid. 

Calcium  Oxide.  Quicklime.  Caustic  Lime 

E.rperiment  2. — Place  a small  j)iece  of  chalk  in  a strong 
(ire  or  furnace,  and  heat  until  a fragment,  chipped  off  aTul 


oalciua: 
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cooled,  does  not  effervesce  on  tlie  addition  of  acid  ; lime, 
CaO  (CV//.r,  B.l’.),  remains: — 

(aCO.,  = CaO  + CO, 

(’iilciuin  (.'jilcium  Carbonlo 

rarbmate  (clialk)  oxide  (lime)  aii]iy<lrid(i 


Lhtie-kiln.s. — On  a large  scale  the  above  operation  is  carried 
on  in  what  are  termed  /Inic-iiliix  (^Ki/ii,  Saxon  from 
a furnace). 


Calcium  Hydroxide.  Slaked  Lime 

Krperhiieiil  3. — When  the  (pncklime  prejiared  in  the  pre- 
ceding experiment  is  cold,  add  to  it  about  half  its  weight  of 
water,  and  notice  the  evolution  of  steam,  and  the  other 
evidence  of  energetic  chemical  action  ; the  i)roduct  is  slaked 
lime,  calcium  hydroxide,  Ca(OH).,  {C'alcii  Jli/dras,  B.P.),  with 
whatever  slight  natural  impurities  the  lime  may  contain. 
The  .slaking  of  hard  or  “ stony  ” lime  may  be  accelerated  by 
using  hot  water. 

CaO  + H,0  = Ca(OH), 

Lime  Water  Culcium  liyfh'oxlde 

Lhne-irtdrr.  Place  the  calcium  hydroxide  (washed  with 
a little  water  to  remove  traces  of  soluble  salts)  in  about  a 
hundred  times  its  weight  of  water,  and  shake  frecpientlv; 
in  a short  time  a saturated  .solution,  known  as  limc-iralcr 
(Li(/iior  ('alcis,  H.P.),  results.  It  contains  about  I-!  grains 
of  calcium  hydroxide,  Ca(01l).„  ecpiivalent  to  about  10  grains 
of  lime,  (CaO),  in  one  pint  at  GO"’  I'.  (To-.o  C.).  .\t  higher 

temj)eratures  less  is  dissolved. 

Saccharalcd  Soliilio/i  of  Lhiic.  Slaked  lime  is  much  more 
soluble  in  acpieous  .solution  of  sugar  than  in  j)ure  w.-itcr.  The 
! j(jnor  ('(dcis  Sdccharalux,  W.V such  a solution,  containing 
2 ounces  ot  sugar,  and  1S8  grains  of  calcium  hydroxide, 
Ca(OIl),,  ecpiivalent  to  112  grains  of  lime  (CaO),  in  1 i)inl. 
It  is  a more  eflicient  ])rccipitant  of  hydroxides,  carbonates, 
and  phosphates  than  lime-water.  The  ofiicial  process  is  ;is 
folhtws: — \lix  the  calcium  hydroxide  with  ;i  solution  of  the 
refined  sug.ar  in  the  distilled  water.  St-l  .aside  in  a stoppered 
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green  glass  bottle  for  a few  hours,  shaking  occasionally. 
Separate  the  clear  solution  with  a siphon,  avoiding  unneces- 
sary exjiosure  to  air. 

Solutions  of  calcium  hydroxide  absorb  carbonic  anhy- 
dride on  exposure  to  air,  a semi-crystalline  precipitate  of 
calcium  carbonate  being  deposited.  When  the  saccharated 
solution  is  heated,  there  is  precipitated  a compound  consist- 
ing of  three  molecules  of  lime  Avith  one  of  sugar.  When  it 
is  freely  ex)iosed  to  air,  oxygen  is  absorbed,  and  the  solution 
becomes  coloured. 


Calcium  Carbonate 

Kxpcrimeul  4 . — 'J'o  a solution  of  calcium  chloride  add  excess 
of  sodium  carbonate,  or  about  1.3  parts  of  the  carbonate  to 
f)  of  the  aidiydrous  chloride;  a white  precipitate  of  calcium 
cai-bonate,  CaCO,,  (fV/Zc/V  ('arhona.s  PnccipUnhi.s,  13.1^),  is  pro- 
duced. If  the  solutions  of  the  .salts  be  heated  before  admix- 
ture, and  the  whole  be  set  aside  for  a short  lime,  the  particles 
assume  a finely  granular  or  slightly  crystalline  character  to 
a gre.ater  extent  than  when  cold  water  is  used. 

CaCl,  + Na.,C(),  = CaCO^  + 2NaCl 

(Jaloiuni  Socliiini  Calcium  Sodium 

chloride  carbonate  carbonate  chloride 

Collect  and  purify  this  so-called  Precipitated  Chatk  by 
pouring  the  mixture  into  a filter-paper  supported  by  a funnel, 
and  when  the  litjuid  has  passed  through  the  filter,  pour  water 
over  the  precipitate  three  or  four  time.s,  until  the  whole  of 
the  sodium  chloride  is  washed  away.  'J'his  ojieration  is 
termed  'ira.sliiiig  a precipitate.  When  dried  by  aid  of  a iratcr- 
hatli  (p.  124)  or  other  mean.s,  the  j)recipitate  is  fit  for  use. 
It  is  not  only  somewhat  jAurer  than  the  average  samples  of 
natural  chalk  or  ‘^prepared  chalk”  (.vcc  p.  122),  but  it  is 
less  liable  to  aggregate,  and  on  account  of  its  jdiysical 
characteristics  is  far  .superior  ;is  a constituent  of  dentifrices. 


Pi  Iter-paper  or  hihitlous  paper  (from  hihn,  I drink),  is  simply 
good  unsized  paper  made  from  the  best  white  rags — white 
blolfing-paper,  in  fact,  of  unusually  good  (|ualily.  Stmh'nfs’ 
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or  analysts’  filters,  on  which  to  collect  precipitates,  are 
circular  pieces  (r/,  fi^r.  24),  of  this  jiaper,  from  three  to  six 
inches  in  diameter,  twice  folded  (Jj,  c),  and  then  opened  out 
so  as  to  form  a hollow  cone  {d').  The  cone  is  su]i))orted  by 
a glass  or  earthenware  funnel.  Square  pieces  of  filter-paj^er 
should  be  rounded  by  scissors  aj'lcr  twice  folding.  It  tliis 


is  not  done,  angular  jiortions  of  the  ])aj)er  project  above  the 
lifjuid  in  tlie  filter,  and  if  a spirituous  or  other  volatile  liquid 
is  being  jiassed  through  such  a paper,  much  of  the  liijuid 
will  be  wasted  by  evaporation  from  the  unnecessarily  large 
surface  exj)osed. 

Paj)er  filters  of  large  size  are  apt  to  break  at  the  jioint  of 
the  cone.  This  may  be  prevented,  and  the  rate  of  filtration 
much  accelerated,  by  supporting  the  paper  cone  in  a cone  of 
muslin. 

IVush-hoUle. — Precipitates  are  be.st  washed  by  means  of  a 
fine  jet  of  water  directed  on  to  the  different  ]>arts  of  the  filter. 
.\  common,  narrow-necked  bottle,  of  about  half-j)int  caj)acity, 
is  fitted  with  a cork  ; two  holes  are  bored 
through  the  cork,  the  ojie  for  a glass  tube 
which  reaches  to  the  bottom  of  the  bottle 
and  is  bent  externally  to  a slightly  acute 
angle,  the  other  foi'  a tube  bent  to  a slightly 
obtuse  angle,  the  inner  arm  terminating 
just  inside  the  bottle.  The  outer  arms 
may  be  about  three  inches  in  length.  The 
extremity  of  the  outer  arm  of  the  longer 
tube  should  be  ])reviously  drawn  out  to  a 
fine  capillary  oi)ening  by  holding  the 
original  tube  (before  bending  it)  in  a fhime, 
and,  when  soft,  slowly  pulling  the  two  ends 
other  until  the  softened  jiortion  is  I'cduccd  to  the  diameter 
of  a knitting-needle.  'I'he  tube  is  now  cut  ;it  the  narrow 
part  by  means  of  a file,  and  the  sharp  edge  rounded  oil  by 


apart  from  c;icb 
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placing  it  in  a Hanie  for  a second  or  two.  'l"he  outer  ex- 
tremity of  the  sliorter  tube  should  also  be  rounded  off  in 
the  Hame.  The  apparatus  being  put  together,  and  the 
bottle  nearly  filled  with  Avatcr,  air  from  the  lungs,  blown 
through  the  short  tube,  forces  water  out  in  a fine  stream  at 
the  ca])illary  orifice. 

For  a Iiol-irfilrr  irduh-holllr  (fig.  2"))  the  tubes  and  cork  are 
fitted  to  a flask  which  may  be  heated  over  a Bunsen  burner 
or  on  a water-bath  (p.  124).  Fine  twine  wound  closely  round 
the  neck  of  the  Hask  forms  a suitable  non-conducting  pro- 
tection for  the  hand  of  the  operator. 


‘JO.— ni'cmiUitioM.  Km.  27.— DiicaiiUUoii.  Fio.  2S.— Siiilinii  in  OKtion. 


Dccdiildlioii. — Precipitates  may  also  be  washed  by  allow- 
ing them  to  settle,  pouring  off  the  supernatant  liquid  (fig.  2G) 
agitating  with  water,  again  allowing  to  settle,  and  so  on. 
'I'his  is  Av/ishing  by  drcdiildlioii  (jlr,  from  ; cdiil/111,1,  ;in  edge). 
If  the  stream  of  liquid  exhibits  any  tendency  to  run  down 
the  outer  side  of  the  vessel  during  decantation,  it  should  be 
guided  by  a glass  rod  jjlaced  against  the  point  where  the 
stream  emerges  (fig.  27). 

If  the  vessel  be  too  large  to  handle  with  convenience,  the 
liquid  may  be  drawn  off  by  means  of  a sip/ioii,  as  shown  in 
fig.  28. 

Prepared  chalk  (Crcla  Pra’pdfdtd,  B.P.)  is  merely  washed 
chalk  or  /rliiling,  but  in  pharmacy,  fashion  demands  that  the 
chalk  be  in  little  conical  lumj)s,  about  the  size  of  thimbles, 
instead  of  in  the  larger  rolls  characteristic  of  whiting.  Its 
pow'dcr  is  amorphous. 
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]f  either  tlie  precipitated  or  the  prepared  chalk  contains 
alumina,  magnesium  salts,  iron  oxide,  or  phosphates,  its 
solution  in  acid,  evaporated  to  dryness,  and  redissolved  in 
water,  will  yield  a precipitate  of  hydroxides  or  phos])hates  on 
the  addition  of  saccharated  solution  of  lime. 


Calcium  Phosphate 

Experiment  5. — Digest  bone-ash  (bones  burnt  in  an  open 
crucible  with  free  access  of  air  until  all  animal  and  carbon- 
aceous matter  has  been  removed,  and  a residue  of  impure 
calcium  phosphate  is  left),  with  twdce  its  weight  of  hydro- 
chloric acid  (diluted  with  four  times  its  volume  of  water)  in 
a test-tube  or  larger  vessel  ; the  phosphate  is  dissolved. 

Ca.XbOJ,  + 4HC1  = CaH,(POJ.,  + 2CaCf, 

Calciiini  nyiimcliloric  Acid  calcium  " ('alcium 

plios[ihatc  acid  l)liospliati‘  cliloride 

Dilute  the  solution  with  water,  boil,  filter,  and  w'hen  cold, 
add  excess  of  ammonia  solution  ; the  calcium  j)hosj)hate,  now' 
practicidly  pure  [Ca/cii  Pho.sphas,  H.P.),  is  reprecipitated  as  a 
light  w'hite  amorphous  powaler.  After  well  washing,  the 
precipitate  should  be  dried  over  a iraler-lmlli  (.vcr  |).  121),  or  at 
a temperature  not  exceeding  212”  F.  (100°C.),  to  prevent 
undue  aggregation  of  the  particles. 

f'afI,(P(),),  + 2CaCF  + INH,  = ('a,(P(),),  -t-  1NH,('1 

Acid  calciiim  (lalciiim  Ammonia  Calcium  Ainmnuiiim 

phospliate  clilorifl**  pliosphatc  chlori'lc 

Hone-ash  or  Zau/c-fY/r/A  contains  small  (piantities  of  calcium 
carbonate  and  sulphide.  'I'liese  are  decomposed  in  the  above 
process  by  the  acid,  calcium  chloride  being  formed  ; on 
boiling  the  mixture,  carbonic  anhydride  and  hydrogen 
sulphide  are  evolved.  Any  carbonaceous  or  siliceous  mailer, 
etc.,  is  removed  by  filtration.  In  bones,  the  calcium  jihos- 
phate  is  always  accom])anied  by  a small  (pianity  of  an  .allied 
substance,  magnesium  phosphate,  which  is  not  removeal  by 
the  j)rccess  described  above.  Hone-asb  also  cont.ains  a tr/ua- 
of  calcium  fluoride,  CaF,. 

Calcium  phosphate  is  gencr.ally  |)rep.aiaal  by  llte  inter- 
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action  ot  calcium  chloride,  sodium  phosphate,  and  ammonia, 
the  resulting  precipitate  being  washed  with  cold  water. 

A JVfiler-hcilh  for  the  evaporation  of  liquids  or  for  drying 
moist  solids  at  temperatures  below  212°  F.  (100°  C.),  is  an 
iron,  tin,  or  earthenware  ])an,  the  mouth  of  which  can  be 
narrowed  by  iron  or  tin  diaphragms  of  various  sizes,  so  as  to 
adapt  it  to  the  diameters  of  basins  or  plates.  («SV;e  fig.  18,  ]\ 
73).  In  the  British  Bharmacopu'ia,  “when  a lualer-halh  is 
directed  to  be  u.scd,  it  is  to  be  understood  that  this  term 
refers  to  an  a})paratus  by  means  of  which  water  or  its  vapour, 
at  a tem])erature  not  exceeding  21  2°  F.  (1 00°  C.),  is  a]»plied 
to  tlie  outer  surface  of  a vessel  containing  the  substance  to 
l)c  heated,  which  substance  may  thus  be  subjected  to  a heat 
near  to,  but  necessarily  below,  that  of  2l2°F.  (100°C.).” 
I'ivaporation  in  rnciio  is  performed  by  .simjdy  j)lacing  the 
vessel  of  li(|uid  over,  or  by  the  side  of,  a small  vessel  con- 
taining concentrated  sulphuric  acid  or  other  absorbent  of 
moisture,  on  the  plate  of  an  air-pump,  covering  with  a 
capacious  glass  hood  or  “ receiver,”  and  exhausting. 


Sodium  Phosphate. — Ordinary  sodium  j)hos])hate,  Na.,HPO,, 
12H„()  (^Sodii  Phosphas,  B.P.),  is  prepared  from  calcium 
|)hosphate  as  follows  : Mix  in  a mortar,  3 ounces  of  ground 

bone-earth  with  1 fluid  ounce  of  sulphuric  acid  ; set  aside 
for  twenty-four  hours  to  allow  the  interactioji  to  take  place ; 
add  about  3 ounces  of  water,  and  put  in  a warm  place  for 
two  days,  a little  warm  water  being  added  to  make  uj)  for 
that  lost  by  evaporatioTi  ; stir  in  another  3 ounces  of  water, 
warm  the  whole  for  a short  time,  filter,  and  wash  the  residual 
calcium  sulphate  on  the  filter  in  order  to  remove  adhering 
acid  calcium  phosphate  ; concentrate  theji/trale  (i.e.,  the  liquid 
which  has  passed  through  the  filter),  to  about  3 ounces,  and 
filter  again  if  necessary.  To  the  hot  solution,  which  con- 
tains acid  calcium  phosj)hate  add  solution  of  sodium 
carbonate  (prepared  from  about  ounces  of  the  crystallized 
salt)  until  a ])recipitate  (calcium  hydrogen  phosphate, 
(iaHPO,)  no  longer  forms,  and  the  licpiid  is  faintly  alkaline  ; 
filter,  evaporate,  and  set  aside  to  crystallize,  The  following 
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equations  show  the  two  decompositions  which  occur  during 
the  operations  : — 

Ca,(PO,).,  + 2H,SO,  = CuH,(POJ,  + 2CaSO, 

Ciilcium  “ Sulphuric  Acid  calcium  Calcium 

phosphate  acid  Iiho.spliati;  sulpliatc 

CaH,(POJ.  + Na.CO,  = Na,HP(),j  + H.O  + CO,  + (aHPO,, 

Acid  calciiini  " Sodium  Sodium  Wutor  Carbonic  Calcium 

l)hos]iliate  carbonate  idioapliato  anliydridc  liydrogim 

pliospliati; 

Sodium  phosphate  crystallizes  “in  transparent  colourless 
rhombic  prisms,  terminated  by  four  converging  })lanes, 
ethorescent,  having  an  alkaline  reaction  and  a saline  taste.” 
One  part  in  ten  of  water  constitutes  “Solution  of  Sodium 
Phos{)hate,”  B.P.  The  crystals  etHoresce  rapidly  in  the  air 
until  nearly  half  the  water  has  escaped,  and  a salt  is  obtained 
which  has  a permanent  composition  represented  by  the 
formula,  Na.,HPO,,  7H.,0.  Another  sodium  phos])hate 
(sodium  dihydrogen  phosphate),  NaH.,POj,  H.,0,  is  obtained 
by  mixing  solutions  of  j)hosphoric  acid  and  sodium  carbonate 
in  the  right  proportions,  evaporating  the  mixed  solution  and 
setting  it  aside  to  crystallize. 

Calcium  Hypochlorite 

E.rpennu’iil  G.  — Pass  chlorine,  generated  from  blac-k  m.in- 
ganese  oxide  and  hydrochloric  acid  as  already  described,  over 
dauiped  slaked  lime  contained  in  a piece  of  wide  tubing,  the 
outlet  end  of  which  is  connected  with  a tube  leading  into  a 
fume-cupboard.  The  product  is  ordinary  hlcaching-pou-dcr,  a 
compound  of  calcium  hypochlorite  and  chloride,  mixed  with 
a quantity  of  unchanged  calcium  hydroxide.  It  is  commonly 
called  chltmdv.  of  Hmc,  the  VoLv  ('hlorinald  of  the  British  Phar- 
macop(jcia,  and  is  one  of  the  most  cMicient  of  known  disin- 
fectants. 


MnO, 

IMark  mail* 


-h 


IHCl 

llyilruclilorio 

iici'l 


.MnCl, 

M.-irigiimms 

(■liWiiilu 


2H,()  -I-  Cl, 

WaLcr  (’lilurinu 


2Ca(()H),  2CI, 

Calcium  ' CliloriTic- 

liyilroxidi' 


2H.,() 

Water 


4-  C:iCI,(),,  CaCI. 

(’alciurn**  (!alcinm 
liypoclilorili*  clilorlfh* 


Chlorinated  lime  exposed  to  ;iir  and  moisture,  as  in  dis- 
infecting the  .atmosphere  of  sick-rooms,  slowly  yields  hypo- 
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chlorous  acid,  HCIO,  calcium  carbonate  being  formed  at  the 
same  time.  Free  hypochlorous  acid  soon  breaks  up  into  water, 
chloric  acid,  HCK)^,  and  free  chlorine.  Chloric  acid  is  also 
unstable,  decomposing  into  oxygen,  chlorine,  water,  and  per- 
chloric acid,  HCIO^.  Tlie  small  {juantity  of  hypochlorous 
acid  diffused  through  an  aj)artment  when  bleaching-powder 
is  exposed,  thus  yields  fourteen-fifteenths  of  its  chlorine  in  the 
form  of  chlorine  gas. 


of  h/eacliiiig-poirder. — 'I’rcated  with  alcohol, 
blcaching-powdcr  docs  not  yield  its  calcium  chloride  to  the 
.solvcjit  ; hence  the  ])owder  is  not  a mere  mixture  of  calcium 
chloride  and  hypochlorite  : water,  also  does  not  dissolve  out 
first  one  salt  and  then  the  other,  but  both  together,  in  the 
molecular  proportions  of  the  formula,  p.  1 26.  On  the  other 
hand,  when  the  atpicous  solution  is  cooled,  or  evaporated  in 
vacuo,  cr}'.stals  are  obtained  which  Kingzett  has  shown  to  be 
nearly  pure  calcium  hyi)ochlorite,  the  solution  containing 
calcium  chloride.  While  the  former  fact  indicates  that  the 
powder  is  a compound,  and  not  a mere  mixture,  the  latter 
indicates  that  it  is  a feeble  com])ound — an  adhesion  of  mole- 
cules of  hyjiochlorite  and  chloride,  as  shown  in  the  equation, 
rather  than  any  closer  or  more  intimate  combination  of  atoms. 
If  it  be  regarded  as  a single  rather  than  a double  salt,  then 
the  following  formula  (Odling)  may  be  employed,  CaOC'F, 


or  ('a 


I Cl 
ICK). 


Wcacldiig-lujiior. — Digest  chlorinated  lime  in  water,  in 
which  the  bleaching  compound  is  soluble.  Filter  from  un- 
dis.solved  lime,  etc.,  and  test  the  bleaching  iiowers  of  the 
clear  liejuid  by  adding  a few  droj)s  to  a decoction  of  logwood 
slightly  acidulated.  VVdien  one  pound  of  bleaching-])owder  is 
shaken  several  times  during  three  hours  with  1 gallon  ot  dis- 
tilled water  and  the  liquid  is  strained,  the  official  Solution  of 
('hlorinatcd  Lime  (Li<iuor  ('aids  ('hlorinaUv,  15. P.)  is  obtained. 

E.vpcduwul  7. — Mix  a little  jiowdercd  wood  charcoal  with 
three  or  four  times  its  weight  of  gypsum,  and  heat  to  redness 
in  a crucible.  Some  of  the  calcium  sulphate  is  reduced  to  sul- 
phide, CaS,  with  ])roduction  of  carbonic  anhydride  and  car- 
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boiiic  oxide.  It  the  product  eoiitiiiiis  not  imieli  les.s  than  oO 
per  cent,  of  ealeium  sulpliide,  it  is  the  otHeial  Sulphurated 
Lime  (('«/.)•  Sulphurata,  15.  P.). 

Official  lest. — “If  OS  gramme  he  mixed  with  a eold 
solution  of  1'4  grammes  of  copper  sidjihate  in  50  eulne 
centimetres  of  water,  and,  after  the  addition  of  a little 
hydrochloric  acid,  the  mixture  he  well  .stirred  and  heated  to 
a temperature  aj^proaching  that  of  ehullition  until  all  action 
has  ceased,  and  then  filtered,  the  filtrate  should  give  no  red 
colour  with  solution  of  potassium  ferrocyanide  (])resence  of  a 
due  ju’oportion  of  sulphide).” 

The  explanation  of  the  mode  of  action  of  this  test  is  as 
follows : — Cupric  sulphate  and  calcium  sulphide  interact  in 
the  presence  of  the  acid,  giving  insoluhle  cupric  sulj)hide  and 
calcium  sulphate,  thus  : — CuSO,  + CaS  = CuS  + CaSO,. 

On  adding  up  the  atomic  weights  of  the  con,stituent  ele- 
ments of  crystallized  cuj)rie  sulj)hate,  247'86  will  he  found  to  he 
the  formula  weight;  while  CaS  will  similarly  represent  7T5-‘3 
j)arts.  As  247 '86  is  to  71 '53,  so  (approximately)  is  14  to  4. 
Hut  only  half  of  the  sulphurated  lime  is  ealeium  sulphide  ; 
therefore  8 grains  of  such  sulphurated  lime  will  interact  with 
14  of  cupric  sulj)hate.  If  the  8 grains  are  helow  the  stated 
strength,  then  they  will  not  attack  the  whole  of  the  14  grains 
of  cu])ric  salt,  and,  in  that  ease,  ])otas.sium  ferrocyanide  will 
reveal  cop])er  in  the  filtered  licpiid. 

Calcium  Gummate 

Calcium  Ciniimalc  is  the  oidy  official  ealeium  salt  that 
remains  to  he  noticed.  This  com])ound  is,  in  short,  arahiii, 
the  ordinary  Gum-Acacia  or  Gum- Arabic  {.Icacia’  Cummi, 
B.P.).  A solution  of  gum-arahie  in  water  (dZ/av/r/go  Jcaci<r, 
15. P.)  yields  a white  ])ri'cipitatc  of  ealeium  oxalate  on  tlu' 
addition  of  solution  of  ammonium  oxalate;  or  a |)ieee  of  gum 
incinerated  in  a porcelain  crueihle  yields  a caleai'eous  residue, 
which,  when  dissolved  in  a dilute  acid,  affords  cdiaraeteristie 
reactions  with  any  of  the  analytical  tests  for  calcium  salts, 
<lescrihed  further  on.  In  some  sj)eciniens  of  gum-arabic  a 
portion  f)f  the  calcium  is  displaced  by  an  ecpiivalent  (pi.intity 
of  potassium  or  magnesium.  'I’he  gummic  oi'  arahic  radical 
may  he  })recipitated  as  opacjue  gelatinous  lead  gummate  by 
the  addition  of  a solution  of  lead  suhacetate  to  an  acpicous 
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solution  of  gum.  These  statements  should  be  verified  by 
experiment. 

7’ragac(iiillt  (^'/'ragacaiil/ia,  B.P.)  is  a mixture  of  soluble 
arabinoid  gum  and  a variety  of  calcium  gum,  insoluble  in 
water,  termed  Ixmoriii.  With  water,  a gelatinous  mucilage 
is  formed  (Mitcilago  Tr(igacanlli(v,  B.P.). 

Calcium  Carbide 

('.•ilcium  carbide  is  of  interest  chiefly  on  account  of  the 
ca.sy  method  of  prcj)ariiig  acetylene  which  its  interaction 
witli  water  alfords.  It  may  be  obtained  by  subjecting  an 
intimate  mixture  of  calcium  oxide  and  carbon  to  the  exceed- 
ingly high  temperature  of  the  electric  furnace.  The  carbide 
has  the  composition  (iaC„,  and  is  usually  met  with  as  a 
fused  homogeneous  black  mass,  although  wlien  (juite  pure 
it  is  colourless  and  Lransj)arent.  Water  rapidly  decomj)oses 
it,  with  the  evolution  of  almost  perfectly  ])ure  acetylene. 
Dilute  acids  behave  in  the  same  way  as  water;  concentrated 
nitric  and  sulpluiric  acids  attack  it  but  slightly. 

Aiiali/lical  licaclwiis  of  Calciinn  Sa/lx. 

1.  Add  dilute  sulphuric  acid  to  a solution  of  a calcium 
salt  contained  in  a test-tube  or  small  test-glass  ; a precij)itate 
of  calcium  sulj)hate,  CaSO^,  is  formed  if  the  solution  is  not 
too  dilule.  The  calcium  is  not  completely  precipitated  as 
sulphate,  because  this  salt,  unlike  barium  sulphate,  is  quite 
appreciably  soluble  in  water.  The  addition  of  solution  of 
calcium  sulphate  to  a solution  of  another  calcium  salt  does 
not  produce  a jirecipitate  even  on  standing  for  some  time  or 
on  boiling.  (Compare  the  behaviour  of  barium  and  of 
strontium  salts). 

Soliilio)i  oj  Ca/ciinii  Sulj)h(tlc. — The  oflicial  Lest-li(|uiil 
termed  “Solution  of  Calcium  Sulphate,”  B.P.,  is  prejiarcd  by 
rubbing  calcium  sulphate  in  a mortar  with  distilled  water, 
and  adding  more  water  to  form  a T|  per  cent,  mixture.  One 
oumte  of  water  dissolves  about  1 grain  of  calcium  sul|)hatc. 
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2.  Add  potassium  chromate,  K.,CrO^,  to  a solution  of  a 
calcium  salt  slightlj’  acidified  with  acetic  acid  ; no  precipitate 
is  produced  even  on  standing  or  on  boiling.  (Compare  the 
behaviour  of  barium  and  strontium  salts.) 

These  tiro  reactions  are  most  valuable  in  analysis,  as  every 
precipitant  of  calcium  is  also  a precipitant  of  barium  and  of 
strontium  ; but  in  dilute  solutions,  calcium  sulphate  and  (in 
presence  of  acetic  acid)  potassium  chromate  are  precipitants 
of  barium  only. 

Other  Analytical  Reactions. — To  separate  portions  of  a 
solution  of  a calcium  salt,  add  ammonium  carbonate,  sodium 
phosphate,  and  ammonium  oxalate.  Precipitates  are  obtained 
which  correspond  in  appearance  to  those  produced  in  the  case 
of  a solution  of  a barium  salt ; their  composition  is  also 
analogous,  hence  their  correct  formulae  can  easily  be  deduced 
and  equations  written  to  represent  the  actions  which  take 
place.  Of  the  precipitants  just  mentioned,  ammonium  oxalate 
is  the  one  most  commonly  used  as  a reagent  for  calcium  salts, 
in  the  absence  of  barium.  Calcium  oxalate  is  insoluble  in 
acetic,  but  soluble  in  hydrochloric  or  nitric  acids.  Calcium 
compounds  impart  a reddish  colour  to  the  Bunsen  flame. 


QUESTIONS  AND  EXERCISES 

Write  a paraf^raj)h  on  strontium,  its  natural  compounds,  chemical 
relations,  technical  applications,  and  tests. — Enumerate  some  of  the 
common  natural  compounds  of  calcium. — Represent  by  an  equation 
the  action  of  hydrochloric  acid  on  marble. — Why  is  calcium  chloride 
used  as  a desiccating  agent  for  gases? — How  would  you  purify 
Calcium  Chloride  which  has  been  made  from  ferruginous  marble? 
Give  diagrams. — Write  a few  lines  on  the  chemistry  of  the  lime-kiln. 
— What  occurs  when  lime  is  “slaked”? — To  what  extent  is  lime 
soluble  in  water  {Lh/uor  Catrin,  B.P.);  and  in  Syrup  (l/niuor  Catrii 
Sacchnralm,  B.P.)? — Describe  the  preparation  of  the  official  Prccijiit- 
ated  Calcium  Carbonate  (JJatcii  Cnrtnma.<i  J'rair,ij>ilat,ns,  H.P.)  ; how 
does  it  differ  from  Pre|>ared  Chalk  {(ke.ta  Praqiarahi,  B.P.')? — How 
does  filter-paper  differ  from  other  kinds  of  jiaper? — Explain  the  con- 
struction of  a “wash-bottle.” — Define  decaiUatian. — State  the  differ- 
' ence  between  bone-ash  and  Catrii  J'hosphas.- — How  is  “bone-earth” 
' purified  for  use  in  rnedieine  ? — Give  e(|uations  showing  the  conversion 
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ot  Calcium  Phosphate  into  Sodium  Phosphate. — Write  a sliort  artiele 
on  the  manufacture,  coni])osition,  and  uses  of  “ bleaching-powder  ” 
{Calx  ChlorhuUa,  B.P.). — How  may  calcium  be  detected  in  Gum- 
Arabic  ? — State  the  chemical  nature  of  Tragacanth. — To  what  extent 
is  calcium  sulph.ate  soluble  in  water? — Barium  being  absent,  what 
reagents  m;iy  be  used  for  the  detection  of  calcium?  Which  is  the 
chief  test? 


MAGNESIUM  : Mg.  Atomic  Weight,  24’18 

Occurrence,  etc. — Magnesium  is  abundant  in  nature  in  the 
form  of  magnesian  or  mountain  limestone,  termed  dolomite 
(after  Dolomieu,  a geologist),  a double  magnesium  and 
calcium  carbonate,  in  very  common  use  as  a building-stone 
{c..g.,  the  Houses  of  Parliament  and  the  Scliool  of  Mines,  in 
London),  and  viagiiexilc,  a tolerably  pure  magnesium  carbonate, 
though  too  “stonjr”  for  direct  use  in  medicine,  even  if  very 
(indy  powdered.  Magnesium  cliloride  and  magnesium  sulph- 
ate (Ej)som  salt)  occur  in  the  water  of  many  springs,  and 
magnesium  salts  also  occur  in  sea  water  and  impart  to  it 
its  bitter  taste.  A liydrous  sulphate,  MgSO,,  H^O,  termed 
licxerile,  occurs  near  Stassfurt,  in  Prussia.  Metallic 
magnesium  may  be  obtained  from  the  chloride  by  strongly 
heating  it  with  sodium.  The  metal  burns  readily  in  the  air, 
emitting  a dazzling  light  due  to  the  white  heat  to  which 
the  resulting  particles  of  magnesia,  MgO,  are  raised.  The 
chloride  to  be  employed  as  a source  of  the  metal,  is  obtained 
by  dissolving  the  carbonate  in  hydrochloric  acid,  adding 
ammonium  chloride,  evaj)orating  to  dryness,  heating  the 
re.sidue  in  a deep  vessel  (on  the  small  scale,  a large  test-tube 
or  flask)  until  the  ammonium  chloride  is  all  volatilized,  and 
the  magnesium  chloride  remains  as  a clear  fused  liquid.  The 
latter  is  j)oured  iqion  a clean  earthenware  slab.  The  ammo- 
nium chloride  is  added  in  order  to  j)revent  the  interaction 
of  magnesium  chloride  and  water  which  would  otherwise  take 
place  in  the  last  stages  of  the  operation,  with  formation 
of  magnesium  oxide  (or  oxychloride)  and  hydrochloric  acid. 

Magnesium  Sulphate 

Experiment  1. — To  a few  drops  of  dilute  sulphuric  acid  in  a 
test-tube,  add  excess  of  powdered  native  magnesium  car- 
bonate, magnexite,  MgCO.,,  and  boil  until  effervescence  ceases 
and  the  carbonic  anhydride  has  been  completely  expelled. 
The  filtered  liquid  is  a solution  of  magnesium  sulphate. 
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crystals  of  wliich,  Epsom  salt,  MgSO^,  7H^O  (Magnesii 
Sulphas,  B.P.),  may  be  obtained  on  boiling  off  most  of 
the  water,  and  setting  the  concentrated  solution  aside  to 
cool.  This  is  an  ordinary  manufacturing  process.  Instead  of 
magnesite,  dolomite  may  be  employed,  any  iron  being 
removed  by  evaporating  the  solution  to  dryness  (after 
filtering  from  the  calcium  sulphate  produced),  gently  ignit- 
ing to  decompose  ferrous  sulphate,  dissolving  in  w'ater, 
filtering  from  ferric  oxide,  and  crystallizing.  If  neither 
mineral  be  at  hand,  the  student  may  use  a little  of  the 
ordinai'A’  magnesium  carbonate  used  in  pharmacy. 

MgCbg  + H,SO.|  = MgSO^  + fl„()  + CO, 

“Magnesite”  Siilfihuric  Magnesium  Water  Carbonic 

acid  sulphate  auliydride 

■Magnesium  sulphate  crystallizes  in  large  colourless,  trans- 
parent, rhombic  prisms  ; but,  from  concentrated  solutions, 
the  crystals  are  deposited  in  short,  thin  needles,  a form  more 
convenient  for  manipulation,  solution,  and  general  use  in 
medicine.  The  crystallized  salt  loses  6H.,0  when  heated  to 
.300°  F.  (about  1.50“  C.). 

Iron  may  be  detected  in  magnesium  sulphate  by  adding 
a solution  of  chlorinated  lime  or  chlorinated  soda  to  an 
aqueous  solution  of  the  salt;  brown  ferric  hydroxide,  Fe(C)H)3, 
is  then  precipitated.  Ammonium  hydrosulphide  will  also 
give  a black  j)recipitate  if  iron  be  present. 

EJf'crvesceut  Magnesium  Sulphate  (^Magnesii  Sulphas  Eljer- 
vescens,  IFF.)  is  magnesium  sulphate  dried  until  nearly  half 
its  water  of  ciystallization  has  been  removed,  and  then  mixed 
with  citric  and  tartaric  acids,  sodium  bicarbonate,  and  sugar. 

Magnesium  Carbonates 

E.rpenment  2. — To  solution  of  magnesium  sulphate  add 
solution  of  sodium  carbonate  and  boil  ; the  resulting  ]>recipi- 
tate  is  light  magnesium  caibonate  (^Magnesii  Carhonas  Levis, 
IFF.),  a white,  partly  amorjihous,  jiartly  minutely  crystalline 
magnesium  hydroxycarbonate,  o.VIgCO,,  i’VIg(()ll).„  ‘1I1.,(). 
A denser,  slightly  granular  precipitate  of  similar  chemical 
composition  {Magnesii  Carhonas  I’onderosus,  IFF.)  is  obtained 
by  mixing  concentrated  solutions  of  the  above  salts,  evaporat- 
ing to  dryness,  then  removing  the  sodium  suljihate  by  digest- 
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ing  the  residue  in  hot  water,  filtering,  washing,  and  drying 
the  precipitate. 

'iMgSO^  H-4Na,C03  + r)H,0  = 3MgC0.„Mg(0H).,,4H20  + 4Na,S0,  + CO^ 

Magiipsiuin  fSodium  Water  Official  magnosium  Sodium  Carbonic 

sulpliate  carbonate  carbonate  snli)liate  anhydride 

The  official  proportions  for  the  preparation  of  the  light 
carbonate  are  10  parts  of  magnesium  sulphate  and  12  of 
crystals  of  sodium  carbonate,  each  dissolved  in  80  of  cold 
water,  the  solutions  mixed,  boiled  for  15  minutes,  the  precipi- 
tate collected  on  <i  filter’,  well  washed,  drained,  and  dried  at  a 
tem|)erature  not  exceeding  212° F.  (100° C.).  The  heavier 
carbonate  is  made  with  the  same  projiortions  of  salts,  each 
dissolved  in  20  jiarts  instead  of  80  of  water,  the  mixture 
ev!i])orated  quite  to  dryness,  and  the  residue  digested  in  water 
and  washed  until  all  sodium  sulphate  is  removed  (until  a white 
ju’ecipitate  of  barium  sulphate  is  no  longer  formed  on  the 
addition  of  solution  of  barium  chloride  or  nitrate  to  a little  of 
the  filtrate). 

Aiiollir.r  J’rocaxx  (Patlhixoii’x). — Considerable  quantities  of 
magnesium  carbonate  are  ])re])ared  by  treating  dolomite 
(p.  130)  with  carbonic  anhydride  under  pressure.  The 
magnesium  carbonate  dissolves  before  the  calcium  carbonate, 
and  is  then  jfrecipitated  from  the  clear  solution  by  treatment 
with  steam.  (Compare  next  experiment.) 

Expcrimcnl  3. — Pass  carbonic  anhydride,  generated  as 
described  on  p.  73,  into  a mixture  of  water  and  magnesium 
carbonate  contained  in  a test-tube.  After  some  time,  separate 
any  undissolved  carbonate  by  filtration  ; the  filtrate  contains 
magnesium  carbonate  dissolved  in  carbonic  acid.  When  of 
a strength  of  about  10  grains  of  official  carbonate  in  one 
ounce,  such  a solution  constitutes  “ Fluid  Magnesia  ” (Liquor 
Magnexii  Carlmiatix,  B.P.).  It  is  possible  to  obtain  a solution 
containing  about  3 ])er  cent,  at  about  55°  F.,  which  is  reduced 
to  2h  per  cent,  at  70°  and  to  about  2 per  cent,  at  80°. 

The  official  solution  is  made  from  freshly  prepared  carbon- 
ate. The  latter  is  obtained  by  adding  a hot  solution  of  2 
ounces  of  magnesium  sulphate  in  half  a pint  of  water  to  one  of 
21  ounces  of  crystals  of  sodium  carbonate  in  another  half-pint 
of  water,  boiling  the  mixture  for  a short  time  (to  complete 
decomposition),  filtering,  thoroughly  washing  the  jn-ecipitate. 
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placing  the  latter  in  1 pint  of  distilled  water,  and  transmit- 
ting carbonic  anhydride  through  the  liquid  (say,  at  the  rate 
of  three  or  four  bubbles  per  second)  for  an  hour  or  two, 
leaving  the  solution  in  contact  with  the  gas  under  pressure  of 
about  three  atmospheres  for  twenty-four  hours,  and,  finall)', 
decanting  from  undissolved  carbonate ; then,  after  passing  in 
a little  more  gas,  keeping  in  a well-closed  bottle.  Slight 
pressure  is  best  produced  by  placing  the  carbonate  and  water 
in  a bottle  fitted  with  a cork  and  tubes  as  for  a wash-bottle 
(p.  121),  conveying  the  gas  by  the  tube  which  reaches  to  the 
bottom,  and  allowing  excess  of  gas  to  flow  out  by  the  upper 
tube,  the  outlet  end  of  which  is  continued  to  the  bottom  of  a 
small  bottle  in  M-hich  mercury,  to  the  depth  of  about  an  inch, 
has  been  placed.  The  bottle  should  be  looselj’  plugged  with 
cotton  wool,  to  prevent  loss  of  metal  by  sjiurting  during  the 
j)assage  of  the  gas  through  it.  (Each  inch  in  dej)th  of 
mercury  through  which  the  gas  escapes  corresponds  to  about 
half  a pound  pressure  on  every  square  inch  of  surface  within 
the  apparatus.) 

Heat  a portion  of  the  solution:  hydrous  magnesium  car- 
bonate, MgCO.^,  3H,0,  is  precipitated.  A salt  having  the 
same  composition  is  deposited  in  crystals  by  the  sj)ontaneous 
evaporation  of  the  solution.  On  ex])osure  to  cold,  the  solution 
.sometimes  affords  large  thick  crystals  (MgCO.,,  oH.,()),  which, 
in  the  air,  lose  water,  become  opaque,  and  then  have  the  com- 
j)osition  of  those  deposited  l>y  evaporation  (MgCO.;,  31I.,0). 

Magnesium  Oxide.  Magnesia 

E.rpcniiieiil  1. — Heat  light  magnesium  carbonate  in  a 
porcelain  crucible  over  a lamp  (or  in  a larger  earthen  crucible 
in  a furnace;  till  it  ceases  to  effervesce  on  adding  a dilute 
acid  to  a small  portion  ; tlie  residue  is  light  magnesia,  MgO 
{Magnesia  f.cris,  11. P.).  The  same  operation  on  the  heavy 
carbonate  yields  heavy  magnesia,  MgO  {Magnesia  Ponderasa, 
11. P.).  Both  are  sometimes  called  calcined  magnesia.  A 
given  weight  of  the  official  light  magnesia  oceupit's  three 
and  a half  times  the  l)ulk  of  the  same  weiiflit  of  heavv 
magnesia. 

3.MgC().,,  .\lg(()H).,,  HIT)  = IMgO  -I  rdlT)  + 3('()., 

Oflicial  iiKiKn''aiiim  " Mii^'tii'simii  WaUT  ('artwmTi' 

carboiiati'  oxiiii'  aiiliyilriili' 

•Magnesium  oxide  becomes  hydroxide  in  water,  slowly  at 
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GU°  F.,  rapidly  at  212°  F.  A trace  only  of  hydroxide  is  dis- 
solved. Moisten  some  magnesia  with  water,  and  jilace  the 
paste  on  red  litmus-paper ; the  wet  sjiot,  after  a time, 
becomes  blue,  showing  that  the  hydroxide  is  slightly  soluble. 
The  oxide  is  liable  to  become  hydroxycarbonate  on  exposure 
to  moist  air. 

J<JJ/(;rvcxciiig  (.'iirale  uf  Magnesia,  so-called,  is  generally  a 
mixture  of  sodium  bicarbonate,  citric  acid,  tartaric  acid, 
sugar,  a small  quantity  of  either  magnesium  carbonate  or 
sulphate,  or  of  both,  and  flavouring  essences. 

'J’rue  magnesium  citrate  is  made  by  the  interaction  of 
calcined  magnesia  and  citric  acid  : it  is  said  to  be  frequently 
prescribed  in  large  doses  in  France.  The  formula  of  magnes- 
ium citrate  deposited  from  solution  is  Mgg(C(.Il5().-).„  14H.,0. 

Analiflical  lieadians  o f Magnesium  Salts. 

1.  yVdd  solution  of  ammonia  or  of  ammonium  carbonate 
to  a .solution  of  a magnesium  salt  (sulphate,  for  example),  and 
warm  the  mixture  in  a test-tuhe  ; the  prcci])itation  of  part 
only  of  the  magnesium  (as  hydroxide,  Mg(OFI).2,  or  carbonate, 
MgCO.,)  occurs.  Add  now  to  a small  portion  of  the  mixture 
of  precipitate  and  licpiid  a considerable  excess  of  solution  of 
ammonium  chloride  ; the  precipitate  is  dissolved. 

It  is  very  necessary  to  note  the  solubility  of  magnesium 
hydroxide  and  carbonate  in  solution  of  ammonium  chloride 
as  important  analytical  sepai’ations  of  magnesium  from  other 
metallic  radicals  depend  upon  it.  In  analytical  practice,  the 
ammonium  chloride  should  be  added  before  the  ammonia  or 
the  ammonium  carbonate,  as  it  is  often  easier  to  prevent 
precijiitation  than  to  redissolve  a precipitate  once  formed. 

2.  To  some  of  the  solution  obtained  in  the  preceding 
reaction,  add  solution  of  sodium  or  ammonium  phosphate ; a 
white  granular  precipitate  of  ammonium  magnesium  phos- 
l)hate,  NHj^MgPO^,  is  produced. 

3.  To  another  portion  of  the  same  solution  add  am- 
monium arsenate  ; a Avhite  precipitate  of  ammonium  mag- 
nesium arsenate,  NH,,MgAsO.|,  is  produced,  which  is  similar 
in  appearance  to  the  corresponding  phosphate. 
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Xole. — Barium,  strontium,  and  calcium  are  also  })recipi- 
tated  by  alkali-metal  phosphates  and  arsenates.  The  other 
precipitants  of  magnesium  are  also  precipitants  of  barium, 
strontium,  and  calcium.  Hence  the  analyst  always  removes 
any  barium,  strontium,  or  calcium  by  an  alkali-metal  carbon- 
ate, as  above  indicated  ; sodium  phosjjhate  (or  ammonium 
arsenate  or  phosphate)  then  becomes  a very  delicate  test  for 
the  presence  of  magnesium.  In  speaking  of  magnesium 
tests,  the  absence  of  barium,  strontium,  and  calcium  salts 
is  to  be  understood. 


DIRECTIONS  FOR  APPLYING  THF.  FOREGOING  ANALYTICAL  REACTIONS 
TO  THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION  OF  A SALT  OF  ONE 
OF  THE  METALS,  UARIUM,  STRONTIUM,  CALCIUM,  MAGNESIUM. 

To  a portion  of  the  solution  add  ammonium  chloride, 
ammonia  (until  the  liipiid,  after  shaking,  smells  of  ammonia), 
and  ammonium  carbonate. 


\ white  precipitate  is  produced.  Acidulate 
another  portion  of  the  original  solution  with 
acetic  acid,  and  add  potassium  chromate.* 


An  immediate 
yellow  precipi- 
tate indicates 

Ba 


\o  immediate  precipitate  is 
formed.  To  another  portion 
of  the  original  solution  add  cal- 
cium sulphate. 


A white  pre- 
cipitate,formed 
on  standing  for 
some  time,  or 
on  boiling,  in- 
dicates 

.Sr 


No  preeijiitate 
even  on  stand- 
ing or  on  boil- 
ing, indicates 

Ca 


Confirm  Ba,  Sr,  or  Ca  bv  flame-test. 


No  precipitate 
is  produced.  To 
the  same  por- 
tion add  ammo- 
nium phosphate. 
A white  crys- 
talline precipi- 
tate produced 
either  at  once, 
or  on  standing 
for  some  time, 
indicates 

Mg 


* Botassium  bichromate  must  not  be  used  in  these  oiierations,  or 
a portion  of  the  barium  will  rem.'iin  in  the  li([uid  and  be  ])recii)itatcd 
along  with,  or  in  the  place  of,  the  calcium  carbonate  ]>.  1 15).  The 
potassium  chromate  used  must  not  contain  carbonate,  or  calcium  will 
be  precipitated  along  with,  or  in  the  jilace  of,  barium.  (The  .'ibscnce 
of  carbonate  may  be  proved  by  the  non-occurrence  of  eirervcsccnce 
on  the  addition  of  hydrochloric  acid  to  a little  of  the  solution  of  the 
chromate,  previously  made  hot  in  a lest-tidic. ) 
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TAin.E  OK  SHOUT  DIRECTIONS  FOR  AKPLYING  THE  FOREGOING 
ANALYTICAL  REACTIONS  TO  THE  ANALYSIS  OF  AN  AQUEOUS 
SOLUTION  OF  SALTS  CONTAINING  ANY  OR  ALL  OF  THE  METALLIC 
RADICALS  HITHERTO  CONSIDERED. 

To  a portion  of  the  solution  add  ammonium  chloride, 
ammonia  (until  the  liipiid,  after  shaking,  smells  of  ammonia), 
and  ammonium  carbonate.  Warm  and  filter. 


I'recijiUdte. 

BaCOa,  SrCO,,  CaCO, 

Dissolve  on  the  filter  in  dilute  nitric 
acid,  evajiorate  the  solution  to  dry- 
ness ; digest  the  residue  in  a mixture 
of  equal  volumes  of  alcohol  and 
ether ; filter. 

Ri'nldue  ' Filtrata 


Ba(X(L,).,  and  Sr(XO,>, 

Wash  with  mixture  of 
alcohol  and  ether,  dis- 
solve in  water,  add 
dilute  acetic  acid,  and 
then  KXrO,  ; filter. 


I Prec'qiildle 

Yellow, 

formed 

immedi- 

ately 

indicates 

Ba 


Filtrate,. 

Add 

(NHJXO, 

till  alkaline. 
A white 
precipitate 
indicates 

Sr 


Contains 

Ca(N(),), 

Expel  the 
alcohol  and 
ether  by 
gently  heat- 
i n g on  a 
water-bath. 
Dissolve  the 
residue  in 
water,  and 
add 

(NHJAO^ 
A white 
precipitate 
indicates 

Ca 


Confirm  Ba,  Sr,  or  Ca  by  dissolv- 
ing the  BaCrC)4,  SrCO;,,  or  CaC./)^ 
in  HCl,  and  applying  the  fiame-test. 


Filtrate. 

Add  ammonium  phosphate, 
allow  to  stand  for  some 
time,  and  filter. 


Precipitate. 


crys- 


White 
talline 

NM^MgPO^ 

indicates 

Mg 


Filtrate. 

{a)  Boil  a por- 
tion. A white  I 
precipiLate  I 
indicates  Li. 
Confirm  Li  ' 
by  flame-test. 

{!>)  Test  for 
K by  the 
bismuth  thio- 
sulphate test 

(p.  82). 

Test  for 
a by  flame- 
test. 

Test  for  NH^ 
in  the  origi- 
nal solution 
by  boiling 
with  sodium 
hydroxide. 
Smell  of  am- 
monia indi- 
cates 

NIL 


Note  1. — The  analysis  of  solutions  containing  the  fore- 
going metals  is  cominencecl  by  the  addition  of  ammonium 
chloride  and  ammonia,  sinijily  as  a precautionary  measure, 
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the  former  compound  preventing  partial  precii)itation  of 
magnesium,  the  latter  neutralizing  aeids.  The  ammonium 
carbonate  is  the  barium  group  precipitant. 

Xole  2. — In  the  preeeding,  and  in  subsequent  tables  of 
analytical  processes,  the  leading  precipitants  will  be  found  to 
be  ammonium  salts.  These,  being  volatile,  can  be  got  rid  of 
towards  the  end  of  the  operations,  and  thus  the  deteetion  of 
jiotassium  and  sodium  is  in  no  way  j)revented — an  advantage 
which  would  be  lost  if  such  salts  as  potassium  carbonate  or 
sodium  phosphate  were  the  group  j)recipitants  employed. 

Xote  on  Classification. — The  compounds  of  barium,  stron- 
tium, calcium,  and  magnesium  have  many  analogies  ; their 
carbonates,  phosphates,  and  arsenates  are  insoluble  in  water, 
which  sufficiently  distinguishes  them  from  the  members  of 
the  group  of  alkali-metals.  The  solubility  of  their  hydroxides 
in  water  marks  their  connection  with  the  alkali-metals  ; the 
slightness  of  that  solubility,  diminishing  as  we  advance  farther 
and  farther  from  the  alkali-metals  (baryta  being  most  and 
magnesia  least  soluble  in  water)  points  to  their  connection 
with  the  next  class  of  metals,  the  hydroxides  of  which  are 
insoluble  in  water.  These  considerations  must  not,  however, 
be  over-valued.  Though  the  solubility  of  their  hydroxides 
places  barium  nearest  and  magnesium  farthest  from  the 
alkali-metals,  the  solubility  of  tlieir  sulphates  gives  them  the 
o])posite  order,  magnesium  sulphate  being  most  soluble, 
calcium  sulphate  next,  strontium  sulphate  third,  while  barium 
sulphate  is  jiractically  insoluble  in  water.  These  elements 
are  sometimes  spoken  of  as  the  metals  of  the  alkaline 
earths. 


QUKSTIONS  AND  F.XERCLSKS 

Name  the  natural  sources  of  tlie  various  magnesium  salts. — Give  a 
process  for  tlie  |)rcparation  of  Kpsom  salt. — Draw  diagrams  illustrative 
of  the  formation  of  magnesium  sulphate  from  aaa/)W'.sv7«  and  from 
I (hdomil.e. — Show  by  an  e(|uation  the  ])roeess  for  the  |)rei)aration  of  the 
official  Magnesium  Carbonate. — What  cireumstanees  determine  the 
two  different  states  of  aggregation  of  the  official  Magnesium  Car- 
bonates (d/m/rwsL  (!(irli</it(t.H  I’linderosiiK  ii\u\  Miujtumi  Carhonas  Lerl.s-, 
15.  P.)? — What  are  tlie  relations  of  Miu/ne.'iia  I’onderosa.  15.  P.,  and 
Miii/iif-sia  leiri.f,  15. P.,  to  the  official  Magnesium  Ctubonates?  — Ilow 
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much  ^ denser  is  the  one  than  the  other  ? — Is  magnesia  soluble  in 
‘‘Fluid  Magnesia”  prepared ?— Mention  the  effects 
ot  heat  and  cold  on  “Fluid  Magnesia.” — Ascertain  how  much 
magnpia  (MgO)  can  be  obtained  from  100  grains  of  Epsom  salt— 
Calculate  the  amount  of  official  Magnesium  Carbonate  which  will  yield 
100  grains  of  magnesia.— Can  magnesium  be  detected  in  presence  of 
barium,  strontium,  or  calcium? — Describe  the  analysis  of  an  aqueous 
liquid  containing  salts  of  barium,  strontium,  calcium,  and  magnesium. 

How  may  magnesium  be  jirecipitated  from  solutions  containing 
ammonium  salts? 


'I'he  water  witli  which,  in  analysis,  solution  of  a salt  or 
dilution  of  a liquid  is  effected  should  be  pure.  Well-  and 
river-waters  are  unfit  for  the  purpose,  because  they  contain 
dissolved  salts  to  the  extent  of  some  20  to  60  grains  or  more 


per  gallon,  derived  from  the  soil  thi’ough  which  the  water 
percolates ; and  rain-water  is  not  infrequently  contaminated 
with  the  dust  and  debris  which  fall  on  the  roofs  whence  it  is 
usually  collected.  Such  water  is  purified  by  distUIalion,  an 
operation  in  which  the  water  is,  by  boiling,  converted  into 
steam,  and  the  steam  condensed  again  to  water  in  a separate 
vessel,  the  fixed  salts  remaining  in  the  vessel  in  which  the 
water  is  boiled.  On  the  large  scale,  the  boiling  is  carried  on 
in  metal  boilers  fitted  with  a hood  or  head  in  which  there  is 
a wide  lateral  channel  through  which  the  steam  passes  ; on 
the  small  scale,  either  a common  glass  Hask  is  employed,  into 
the  neck  of  which  a glass  tube,  bent  to  an  acute  angle,  is 


Distillation 


I’lu.  20. — Uistillation,  on  a small  scale. 
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species  of  long-necked  flask,  bent  near  the  body,  by  the 
glass-worker,  to  an  appropriate  angle  (hence  the  name  relort, 
from  retorqueu,  I bend  back).  Condensation  is  effected  by  sur- 
rounding the  outlet  tube  through  which  the  steam  jiasses,  with 
cold  water.  In  large  stills  the  steam-tube,  or  condcnsing-tmrni, 
is  usually  a metal  (tin)  pipe,  coiled  into  a spiral  form  for  the 
sake  of  compactness,  and  so  fixed  in  a tub  that  a few  inches 
of  one  end  of  the  pipe  may  pass  through  and  closely  fit  a 
hole  bored  near  the  bottom  of  the  tub.  Cold  water  is  kept 
in  contact  with  the  exterior  of  the  pipe,  provision  being  made 
for  a continuous  supply  to  the  bottom,  while  the  lighter 
water,  heated  by  tlie  condensing  steam,  runs  off  from  the  to[) 
of  the  tub.  The  condenser  fitted  to  a flask  or  retort  may 
be  a simple  glass  tube  of  any  size,  placed  within  a mucli 
wider  tube  (a  common  long,  narrow  lamp-glass  may  answer 
for  experimental  opei'ations),  the  inner  tube  being  fitted  to 
the  wider  one  by  means  of  bored  corks ; a stream  of  water 
passes  in  at  one  end  of  the  enclosed  space  (the  end  farthest 
from  the  retort  i,  through  a small  glass  tube  inserted  in  the 
cork,  and  out  at  the  other  end  through  a similar  tube.  The 
common  (Liebig’s)  form  of  laboratory  condenser  is  a glass 
tube  from  one-half  to  three-fourths  of  an  inch  wide  and  a 
yard  long  (/;,  fig.  29),  surrounded  by  an  outer  tube  (c,  fig.  29) 
somewhat  shorter  and  about  two  inches  in  diameter,  and 
having  at  each  extremity  a neck,  through  which  the  inner 
glass  tube  passes.  'I'he  junctions  of  the  outer  tube  with  the 
inner  tube  are  made  by  means  of  short,  wide  indiarubbcr 
tubes  (r/  and  c,  fig.  29).  An  inlet  ( /j  fig.  29)  near  the  lower 
j)art  of  the  outer  tube  j>rovides  for  the  admission  of  a current 
of  cold  water,  eonveyed  by  indiarubber  tubing,  while  an 
outlet  near  the  top  (g,  fig.  29)  allows  the  escape  of  heated 
water  into  the  sink.  The  inner  tube  may  thus  be  kej)t 
constantly  surroundecl  by  cold  water,  and  heated  vapours 
passing  through  it  may  be  perfectly  cooled  and  condensed, 
and  collected  in  a receiver  (//,  fig.  29). 

In  distilling  several  gallons  of  water  for  analytical  or 
medicinal  purposes  (^.Iqua  Deslillala,  15. P.),  the  first  two  or 
three  |)ints  should  be  rejected,  because  they  are  likely  to 
contain  traces  of  ammonia  and  other  volatile  impurities. 

Pure  water  is  not  found  in  nalure  ; natural  water  always 
co7itains  some  solid  matter  in  solution,  and  also  dissolved 
gases.  The  amount  and  kind  of  matter  held  in  solution  varv 
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with  the  source  of  the  water.  Water  used  for  distillation 
should  not  contain  any  lar^e  amount  of  impurities,  but  should 
be  such  as  is  usually  supplied  to  large  towns. 

Ifedi/icafioii  is  the  process  of  redistilling  a distilled  liquid. 
Rectified  spirit  is  spirit  of  wune  which  has  been  thus  treated. 

Drp  or  destructive  distillation  is  distillation  in  which  the 
condensed  jjroducts  are  directly  formed  by  the  decomposing 
inHiience  of  the  heat  applied  to  the  dry  or  non-volatile  sub- 
stances in  the  retort  or  still,  as  in  the  distillation  of  coal  in 
the  manufacture  of  coal  gas. 

A’.r«;T(W.— Write  from  memory  a sliort  description  of  distUlalion. 


At  this  stage  the  student  is  again  recommended  to  read  the 
paragraphs  on  the  genera! principles  of  chemical  phUosophi/  (^pages 
40  to  G5),  and  to  return  to  them  J'rom  lime  to  time,  until  thep  are 
tho  ro  ughlij  com prehended. 


ZINC  : Zn.  Atomic  weight,  64-91 

Occurrence,  etc. — Zinc  is  tolerably  abundant  in  nature  as 
sulphide,  ZnS,  hlende,  and  carbonate,  ZnCO.,,  calamine  (from 
calamus,  a reed,  in  allusion  to  the  appearance  of  the  mineral). 
I'lie  ores  are  roasted  to  expel  suljrhur,  carbonic  anhydride, 
and  some  impurities,  and  the  resulting  oxide  is  heated  with 
charcoal,  when  the  metal  vaj)orizes  and  condenses  on  cooling. 
Zinc  is  a brittle  metal,  but  at  a temperature  somewhat  below 
300°  F.  (148-8°  C.)  it  is  malleable,  and  maybe  rolled  into  thin 
sheets.  Above  400°  (204-4°  C.)  it  is  again  brittle,  and  may 
then  be  pulverized.  It  melts  at  773°  F.  (41 1-7°  C.)  and  is 
volatile  at  a bright  red  heat.  Zinc  in  exceptionally  fine 
pow  der  ignites  spontaneously,  especially  if  damp,  or  if  stored 
in  a warm  place. 

Uses. — The  uses  of  zinc  as  a metal  are  imj)ortant ; alloyed 
with  cojjper  and  nickel  it  yields  German  silver ; wdth  twice 
its  weight  of  cojijier  it  forms  brass,  and  as  a coating  on  iron 
(the  so-called  galvanized  iron)  greatly  retards  the  formation 
of  rust.  Most  of  the  salts  of  zinc  are  ])repared,  directly  or 
indirectly,  from  metallic  zinc  (Zinc,  13.  P.). 

Molecular  Formula. — Some  remarks  on  this  jioint  wull  be 
made  under  Mercury. 
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Zinc  Sulphate 

E-ipcrimenl  1. — Heat  zinc  (4  parts)  with  water  (20  parts) 
and  sulphuric  acid  (3  fluid  parts)  in  a test-tube  (or  larger 
vessel)  until  no  more  hydrogen  is  evolved  ; solution  of  zinc 
sulphate  results.  Filter  (to  separate  the  particles  of  lead, 
carbon,  etc.,  present  in  ordinary  zinc)  and  concentrate  the 
solution  in  an  evaporating-dish  ; on  cooling,  colourless  pris- 
matic crystals  of  Zinc  Sulphate,  ZnSO,,7HoO  {/unci  Sulphas, 
B.P.)  are  deposited. 

Zn  + H.,SO^  = ZnSO^  H., 

Zinc  Suliilmric  acid  Zinc  sulpliato  Hydrogen 

The  sulphuric  acid  used  in  this  experiment  must  be  diluted 
with  a considerable  quantity  of  water,  as  above.  Cold  con- 
centrated sulphuric  acid  does  not  attack  zinc. 

Xole. — Of  several  methods  of  preparing  hydrogen,  the 
one  just  described  is  the  most  convenient ; of  the  two  or 
three  means  of  preparing  zinc  sulphate,  it  is  that  most 
commonly  employed  ; and  of  the  many  reactions  which  may 
be  utilized  for  obtaining  a current  of  electricity,  it  is  one  of 
the  mo.st  convenient.  The  apparatus  in  which  the  reaction 
is  effected  differs  according  to  the  requirements  of  the 
operator:  if  the  zinc  sulphate  alone  is  wanted,  an  open  dish 
is  all  that  is  necessary,  tlie  action  being  accelerated  if 
necessary  by  heat  ; if  hydrogen  is  required,  a closed  vessel 
and  delivery-tul)0  may  be  used  ; if  a current  of  electricity 
is  desired,  the  zinc  and  sulphuric  acid,  along  with  other 
materials,  are  placed  in  glass  or  earthenware  cells,  the  whole 
being  arranged  so  as  to  form  a battery. 

Puri/icalion. — Imj)ure  zinc  sulphate  maybe  purified  in  the 
same  manner  as  impure  chloride  (sea  next  experiment). 

Zinc  sulphate  is  isomorphous  * with  magnesium  sulphate, 
and,  like  that  salt,  loses  6H.,()  when  heated  to  300°  b'.  (.about 
150°  C.).  An  old  name  for  it  is  ir/tila  ail  rial. 


* Isomorpham  bodies  (fo-ot,  iso.'f,  ctiual,  find  fxoptph,  uiurjilif,  form)  tire 
those  which  are  similar  in  the  shaj>e  of  tlieir  crystals.  This  identity 
in  crystalline  form  is  frequently  met  with  amongst  suhstances  of 
analogous  composition,  such  as  zinc  suljihate,  Zn.SO^.TILO,  and 
magnesium  sulphate,  MgSO ,,7H,.(). 
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Zinc  Chloride 

Experiment  2. — Digest  zinc  in  hydrochloric  acid  mixed 
with  half  its  bulk  of  water  ; the  resulting  solution  contains 
zinc  chloride.  Evajioratc  the  liquid  till  no  more  steam 

escapes  ; Zinc  Chloridcj  ZnCk,  in  a state  of  fusion  remains, 
and,  on  cooling,  is  obtained  as  an  opaque  white  solid  (Zinci 
('hloridnm,  B.k.).  It  is  soluble  in  water  and  in  alcohol. 

Zn  + 2HC1  = ZnCl,  + 

Zinc  Ilyilrochloric  acid  Zinc  chlorido  Hydrogen 

'I’his  reaction  is  analogous  to  that  described  in  the  j)re- 
ceding  experiment.  Burnett’s  deodorizing  or  disinfecting 
liquid  is  a solution  of  zinc  chloride. 

Pnrijlcalion  oj'  Zinc  Chloride  or  SuJjdintc. — Zinc  sometimes 
contains  traces  of  iron  or  lead  ; and  these,  like  zinc,  are 
dissolved  by  most  acids,  with  formation  of  soluble  salts  : they 
may  he  recognised  in  the  solutions  by  applying  the  test 
described  on  ]).  14G.  Should  either  he  ])resent,  a little 
chlorine  water  is  added  to  the  solution  till  the  odour  of 
chlorine  is  permanent,  and  then  the  whole  is  well  shaken 
with  some  zinc  hydroxide  or  the  official  zinc  carbonate.  In 
this  way  the  iron  is  precipitated  as  ferric  hydroxide,  and  the 
lead  as  peroxide  : — 

*2FeCl2  + Cl^  = *2FeCl3 

Korrous  chloride  Cldorlne  Ferric  chlorido 

2FeCl3  + 3Zn(OH).3  = 2Fe(OH)3  + 3ZnCl, 

Ferric  Zinc  “ Ferric  Zinc 

chlorido  hydroxide  hydroxide  chloride 

PbCk  + Cl,  + 2Zn(OH)3  = PbO^  + 2ZnC1.3  + 2H.p 

Load Chlonno  Zinc  Load  Zinc  Water 

chloride  hydroxide  iieroxide  chlorido 

If  zinc  sulphate  is  being  purified  by  the  above  method 
the  action  of  chlorine  on  any  ferrous  sulphate  present  will 
result  in  the  formation  of  ferric  chloride  as  well  as  ferric 
sulphate : — 

6FeSC\  + 3CI2  = 2Fe3(S()j3  + 2FeCl3 ; 

zinc  carbonate  will  then  give  zinc  chloride  as  well  as  sulphate, 
and  thus  the  whole  quantity  of  zinc  sulphate  will  be  slightly 

* It  will  be  noticed  that  the  atom  of  iron  is  repre.sented,  in  this 
equation,  as  both  bivalent  and  trivalent ; this  will  be  alluded  to  when 
iron  comes  under  consideration. 
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contaminated  by  chloride.  On  evajx.rating  and  crystallizino-, 
however,  the  zinc  chloride  will  be  retained  in  the  mother- 
1 liquor.  These  processes  of  purification  admit  of  general 
application. 

In  the  British  Pharmacopoeia,  the  possible  presence  of 
impurities  in  the  zinc  is  recognised,  and  the  process  of  puri- 
fication just  described  is  incorporated  with  the  process  of 
preparation  of  Licjuor  Zinci  ChhrkU. 

lAquor  Zinci  Chloridi,  B.P. — 1 j)Ound  of  granulated  zinc  is 
placed  in  a mixture  of  44  fluid  ounces  of  hydrochloric  acid 
and  20  of  water.  The  mixture  is  gently  heated  until  no 
more  gas  is  evolved.  The  solution  is  then  boiled  and  filtered 
into  a bottle  ; chlorine  water  is  added  until  the  licpiid,  after 
shaking,  smells  of  chlorine  ; about  half  an  ounce  or  somewhat 
more  of  zinc  carbonate  Is  shaken  up  with  the  solution  until 
a brown  precipitate  (of  ferric  hydroxide,  or  lead  peroxide,  or 
both)  appears ; the  whole  is  then  filtered,  and  the  filtrate 
evaporated  to  40  fluid  ounces.  One  fluid  ounce  contains  360 
grains  of  zinc  chloride.  If  the  j)recipitate  obtained  on  adding 
ammonia  and  ammonium  hydrosulphide  to  a little  of  the 
solution  first  produced,  is  quite  white,  neither  iron  nor  lead 
was  present  in  the  zinc,  and  the  treatment  with  chlorine 
water  and  zinc  carbonate  is  to  be  omitted. 

Zinc  Bromide,  ZnBr.„  and  Zinc  Iodide,  Znl,,  are  included  iji 
the  United  States  Pharmacopenia. 

Zinc  Carbonate 

Experimeid  3. — To  the  solution  of  any  given  quantity  of 
zinc  sulphate  in  twice  its  weight  of  water,  add  about  an  ecpial 
quantity  of  sodium  carbonate,  also  dissolved  in  twice  its 
weight  of  water,  and  boil;  the  resulting  white  precipitate  is 
Zinc  Carbonate  (/i«a  (’.arhonas,  B.P.).  It  is  really  a hydroxy- 
carbonate,  capable  of  being  represented  as  made  up  of  zine 
carbonate,  ZnC().j  and  zinc  hydroxide,  Zn(()Il),„  aj.j.roxi- 
mately  in  the  projK.rtion  of  one  molecule  of  the  former  and 
two  of  the  latter,  together  with  a molecule  of  water  (ZiiCO.,, 
2Zn(()II),,  PPO);  these  proporti  ons,  however,  vary  consider- 
ably. It  may  be  washed,  drained,  and  dried  in  the  usual 
manner.  It  is  used  in  the  arts  under  the  name  of  r.inc- 
vjhile. 
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3ZnS()^  + ;3H,0  + 3Na,C03 

'/Am'.  sulpliaUi  Water  .Sodium  carboiiat(( 

= ZnCO,„2Zn(OH)„H,/)  + ^CO.^  + 3Nn„SO,, 

Oflicial  ziiif  carbonate  " Carbontc  Soduim 

aubydrido  sulpliato 

Ca/amina  Pra'parala  is  a smooth,  pale,  pinkish-brown 
powder,  obtained  by  calcining  and  powdering  native  zinc 
carbonate  or  calamine,  and  freeing  the  product  from  gritty 
jiarticles  by  elutriation.  Prepared  calamine  is  chiefly  zinc 
carbonate  with  some  oxide  of  iron,  etc. 

Eluiriaium  (I>at.  eliilrialitx,  from  elulrio,  I decant ; eluo,  I 
wash  out).  'I'his  fractional  operation  consists  in  decanting  off 
water  or  other  liquid  containing  lighter  and  finer  particles  in 
sus])ension,  from  heavier  and  coarser  particles  which  have 
become  deposited.  The  decanted  fluid  yields  a sediment  of 
the  fine  particles  on  standing.  By  allowing  varying  intervals 
of  time  to  elapse  between  the  shaking  and  the  decantation, 
and  by  using  fluids  of  different  specific  gravities  and  different 
degrees  of  limpidity  or  viscidity,  substances  of  different 
specific  gravities,  or  particles  of  different  degrees  of  fineness 
of  any  one  substance,  may  be  separated  from  each  other. 


Zinc  Acetate 

E.rpenmcnl  4. — Collect  on  a filter  the  precipitate  obtained 
in  the  last  experiment,  wash  with  distilled  water,  and  dissolve 
a portion  in  concentrated  acetic  acid  ; the  resulting  solution 
contains  zinc  acetate,  and,  on  evaporating  and  setting  aside, 
yields  lamellar  pearly  crystals  of  zinc  acetate,  Zn(C2Hg02)2, 
SHgO  {/Anci  Acelas,  B.P.). 

ZnC03,2Zn(0H)g,H/)  + GHCgHgO,  = 3Zn(CgH30.,).,  + GH.,0  + CO3 

Oflicial  zinc  carbonate  Acetic  acid  Zinc  acetate  Water  Carbonic 

.anhydride 


Zinc  Oxide 

Experiment  5. — Dry  on  a water-bath  the  remainder  of  the 
precipitated  zinc  carbonate  obtained  in  experiment  3,  and 
then  heat  it  in  a small  crucible  until  a sample  taken  out  of 
the  crucible  does  not  effervesce  on  the  addition  of  a dilute 
acid;  the  product  is  Zinc  Oxide  {/Anci  Oxidinn,  B.P.),  much 
used  in  the  form  of  Ointment  {Unguenlum  '/Anci,  B.P.). 


ZnC03,2Zn(0H).3,H.30 
Ofllciai  zinc  rarlKnuitc 


3ZnO  -I-  3H,0  -|-  CO.^ 

Zinc  oxide  Water  Carbonic 

anhydride 
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Xole. — Zinc  oxide  prepared  as  above  is  yellow  wliile  hot, 
and  of  a very  pale  yellow  or  slight  buff  tint  when  cold,  not 
actually  white  like  the  oxide  prepared  by  the  combustion  of 
zinc  in  air.  The  preparation  of  the  latter  variety,  which 
also  occurs  in  commerce,  can  only  be  j)ractically  accom- 
plished on  the  large  scale ; but  the  chief  features  of  the 
action  may  be  observed  by  heating  a jjiece  of  zinc  on 
charcoal  in  the  blowpipe-Hame  (r/,  fig.  30)  till  it  burns ; 
flocks  escape,  float  about  in  the  air,  and  slowl}'  fall.  The.se 
were  formerly  called  Flores  '/diici,  Lana  Fhilusophica,  or 
Xihihan  Album.  Zinc  oxide  slowly  absorbs  carbonic  an- 
hydride and  water  from  moist  air,  and  becomes  converted 
into  hydroxycarbonate. 

A clear  blowpipe-flame  eon.sists  of  two  more  or  less  sharply 
defined  portions  (J),  fig.  30),  an  inner  cone,  at  the  apex  of 
which  there  are  hot  hydrocarbon  gases  read)'  to  combine  with 
oxygen,  and  an  outer  cone,  at  the  apex  of  which  there  is 


K.  h. 


Kifi.  30. — Till!  Ulowpipo. 


excess  of  hot  oxygen.  At  the  latter  ))oint  oxidizabic  metals, 
etc.,  are  readily  oxidized,  as  in  the  foregoing  exjicrimcnt, 
and  that  part  of  the  flame  is  therefore  termed  l/ic  o.ri(liziug 
Jlainc ; in  the  inner  flame,  oxides  and  other  compounds  are 
reduced  to  the  metallic  state,  hence  that  )>art  is  termed  l/ie 
reducing  /lame  (a  grain  of  lead  acetate  may  be  cm])loycd  for 
illustration).  A blowpipe-flarne  is  much  altered  in  character 
ky  slight  variations  in  the  j)osition  of  the  nozzle  o(  the 
blowpij)c,  by  the  form  of  the  nozzle,  by  the  force  with  which 
air  is  expelled  from  the  blowpipe,  and  by  the  character  ol 
the  jet  r)f  gas. 


K. 
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Zinc  Valerianate 

Lxpcrimcnl  6. — Zinc  Valerianate,  or  rathei’,  zinc  iso- 
valerianate, Zn(C5Hj,()2),^  {/iinci  Falerianas,  B.P.),  is  prejiared 
by  saturating  iso-valeriaiiic  acid  with  zinc  carbonate  or  by 
mixing  concentrated  solutions  of  zinc  sulphate  and  sodium 
iso-valerianate,  cooling,  separating  the  white  pearly  crystal- 
line precipitate,  evaporating  the  solution  at  200°  F.  (93'3°  C.) 
to  a small  volume,  cooling,  again  separating  the  lamellar 
crystals,  washing  the  whole  product  with  a small  quantity 
of  cold  distilled  water,  draining,  and  drying  by  exposure  to 
air  at  ordinary  temperatures.  Zinc  iso-valerianate  is  soluble 
in  ether,  alcohol,  and  hot  water.  See  also  valerianic  acid. 


ZnSO.,  -I-  2Naq,II(,0, 

Zinc  miliihiito  Hoilium  ino-valoriaiiate 


Na,SO.,  + Zn(C5H,0„), 

Sodium  sulphato  Zinc  iso-valoriaiiato 


Zinc  Sulphide  and  'Zinc  Hijdnmdc  are  mentioned  in  sub- 
seejuent  paragraj)Iis.  The  formula  of  Zinc  Sn/phile  is  ZnSO^, 


311., (). 


Anali/lical  licaclions  of  Zinc  Sails. 

1.  To  a solution  of  a zinc  salt  (sulphate,  for  example),  in 
a test-tube,  add  a solution  of  ammonium  hydrosulphide, 
NHjSH;  a white  precipitate  of  zinc  sulphide,  ZnS,  is  pro- 
duced which  is  insoluble  in  acetic,  but  soluble  in  dilute  hydro- 
chloric or  sulphuric  acid. 

Note. — This  is  the  only  white  sulphide  that  will  be  met 
with.  If  the  zinc  salt  contains  iron  or  lead  as  impurities,  the 
precipitate  will  have  a dark  appearance,  due  to  admixture 
with  the  sulphides  of  these  metals,  which  are  black.  y\lumi- 
nium  hydroxide,  which  is  white'and  may  also  be  precipitated  on 
the  addition  of  ammonium  hydrosulpliide,  is  the  oidy  sid)stancc 
for  which  zinc  sulphide  is  likely  to  be  mistaken,  or  which  is 
likely  to  be  mistaken  for  zinc  suli)hide.  As  will  be  seen 
immediately,  there  are  good  means  of  distinguishing  these 
substances  from  each  other. 

2.  To  a solution  of  a zinc  salt  add  ammonia  ; a white  jire- 
cipitate  of  zinc  hydroxide,  Zn(()M)^,  is  formed.  Add  excess 
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of  ths  reagent;  the  precipitate  is  redissolved.  This  reaction 
; at  once  distinguishes  a zinc  salt  from  an  aluminium  salt^  unless 
the  solution  of  the  latter  is  very  dilute,  aluminium  hydroxide 
being  almost  insoluble  in  dilute  ammonia. 

Other  Analytical  Reactions. — Potassium  or  sodium  hydroxide 
affords  a reaction  similar  to  that  just  mentioned,  the  zinc 
hydroxide  redissolving  if  the  alkali  does  not  contain  too 
much  carbonate.  The  solution  contains  potassium  or  sodium 
; zincate : — 

Zn(OH),  + 2KOH  = K.ZnO.  + 2Hp 

Zinc  Caustic  Potassium  Water 

iiydro.xide  potash  zincate 

(Metallic  zinc  dissolves  in  solution  of  potassium  or  sodium 
hydroxide  giving  hydrogen  and  potassium  or  sodium  ziiic- 
ate  ; — Zn  + 2KOH  = K^ZnO.^  + PI.,.)  Ammonium  carbonate 
yields  a white  precipitate  of  basic  zinc  carbonate,  soluble  in 
excess.  Potassium  and  sodium  carbonates  give  a similar  pre- 
cipitate, which  is  not  redissolved  if  the  mixed  solution  and 
precipitate  be  well  boiled  to  expel  carbonic  anhydride.  Potas- 
sium ferrocyanide  produces  a white  preci})itate  of  zinc  ferro- 
cyanide,  Zn.,P'e(CN)|.. 

I 

Magnesium  sulphate,  whicli  is  isomorphous  witli  and  indis- 
! tinguishable  in  appearance  from  zinc  sulphate,  does  not  yield 
I any  precij)itate  when  either  jiotassium  ferrocyanide  or  ammon- 
ium hydrosulphide  is  added  to  its  aqueous  solution. 

Antidotes.  — 'I'here  are  no  efficient  chemical  means  of 
I counteracting  the  poisonous  effects  of  zinc.  I.arge  doses, 

I fortunately,  act  as  j)owerful  emetics.  If  vomiting  has  not 
I occurred,  or  apparently  to  an  insuflicieuit  extent,  solution  of 
I sodium  carbonate  (common  washing  soda),  immediately 
followed  by  white  of  egg  and  demulcents,  may  be  admini.s- 
tered,  and  the  stomach  then  be  cleared. 


QI  K.STION'.S  AND  KXKRCI.SK.S 

Give  tlic  sources  and  uses  of  metallic  zinc. — Give  a diagram  repre- 
.sentinglhe  action  of  zinc  on  dilute  sulj)liuric  .acid.— ‘1  low  may  solutions 
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of  Zinc  Chloride  or  Sulphate  be  purified  from  iron  salts  ? Give  equa- 
tions for  the  reactions. — State  the  formula  of  the  official  Zinc  Carbonate, 
and  illustrate  by  a diagram  the  reaction  which  takes  place  in  its  pro- 
duction.— Give  an  equation  representing  the  preparation  of  Zinc 
Acetate. — In  what  respect  does  Zinc  Oxide,  resulting  from  the  ignition 
of  the  carbonate,  differ  from  that  i)roduced  during  the  combustion  of 
the  metal  'i — How  is  Zinc  Iso-valerianate  prepared  and  what  are  its 
properties? — Name  the  more  important  tests  for  zinc. — How  would 
you  distinguish,  chemically,  between  solutions  of  Zinc  Sulphate  and  of 
y\him  ? — Give  reactions  distinguishing  Zinc  Sulphate  from  Magnesium 
Sul|)hate. — Describe  the  treatment  in  cases  of  jjoisoning  by  zinc  salts. 


MANGANESE  : Mn.  Atomic  weight,  54-52 

Source. — Manganese  is  a constituent  of  many  minerals, 
and  is  met  witli  in  abundance  in  the  soutli-Avest  of  England, 
in  Aberdeenshire,  and  in  most  countries  of  Eurojie,  as  black 
oxide,  MnO^  (Manganese  Eeroxide,  B.P. ; Maiigaiii  DUmdim, 
U.S.E.),  pyrolusile  (from  Trap,  pur,  fire,  and  Xvtris,  luxis,  a loosing 
or  resolving,  in  allusion  to  the  readiness  with  which  it  is  split 
up  by  heat  into  a lower  oxide  and  oxygen).  This  mineral 
occurs  as  a steel-grey  mass  of  prismatic  crystals,  or  in  black 
amorphous  luiu])s. 

f/.ve.v. — Metallic  manganese,  which  may  be  isolated, 
amongst  other  methods,  by  the  action  of  sodium  on  man- 
ganese fluoride,  is  used  in  alloy  with  iron  in  the  manufacture 
of  some  varieties  of  steel.  The  black  oxide  is  an  important 
agent  in  the  production  of  chlorine,  and  in  the  preparation 
of  manganates  and  permanganates,  purple  glass,  and  black 
glaze  for  earthenw-are.  One  soluble  salt  is  included  in  the 
United  States  Pharmacopceia  (^Mangani  Sulphas,  U.S.P.). 

Expeuiments  having  uoth  Synthetical  and 
Analytical  Interest 

Expcrimeul  1. — Boil  some  black  manganese  oxide  with 
concentrated  hydrochloric  acid  in  a test-tube  or  Hask,  placed 
in  a fume-cupboard,  until  chlorine  is  no  longer  evolved;  filter  ; 
the  filtrate  is  a solution  of  manganous  chloride,  MnCE. 
Mn()„  -f-  4EIC1  = MnCl^  + 21I.,0  -I-  CI2. 

This  is  the  reaction  commonly  employed  in  the  prepara- 
tion of  chlorine.  It  is  also  a ready  method  of  preparing  a 


MANGANESE 


149 


manganous  salt  for  analytical  experiments.  Coupled  with 
the  application  of  reagents  to  the  filtrate,  the  reaction  is 
one  of  those  by  which  a black  powder  or  mineral  would  be 
recognised  as  black  manganese  oxide.  Black  manganese 
oxide  also  dissolves  in  cold  concentrated  hydrochloric  acid, 
forminij  a dark-brown  solution  which  contains  a chloride, 
MnCl^,  mixed,  probably,  with  other  manganese  chlorides. 

Krperimciit  2. — Heat  a manganese  com})ound  with  a grain 
or  two  of  potassium  hydroxide  or  carbonate  and  a fragment 
of  jiotassium  nitrate  or  chlorate  on  platinum  foil  in  the  blow- 
pipe-flame ; a green  mass  containing  potassium  manganatc, 
K,MnO^,  is  formed.  Boil  the  foil  and  the  fused  mass  in 
water ; the  manganate  dissolves  yielding  a green  solution 
which  soon  changes  to  purple  owing  to  the  formation  of 
potassium  pemnanganate,  KMnO^.  Carefully  performed,  this 
is  a delicate  test  for  manganese, 

This  reaction  is  the  one  by  which  |iotassium  permanganate 
(^Polassii  Permanganas,  B.P.)  is  prepared.  Liquor  Potassii  Per- 
manganalis,  B.P.,  is  a solution  of  874  grains  of  potassium 
permanganate  in  1 pint  of  distilled  water.  Plquations  show- 
ing the  action  which  occurs  in  making  the  salt  have  already 
been  given  in  connection  with  the  compounds  of  potassium 
(see  p.  80). 

Instead  of  converting  the  manganate  by  ebullition  (as 
described  on  p.  80),  and  neutralizing  the  free  alkali  by  acid, 
whereby  one-third  of  the  mangane.se  is  preeijntated,  chlorine 
may  be  passed  through  the  cold  solution  until  the  green 
colour  is  entirely  changed  to  purple.  2K  ,Mn(), -f  Cl , = 
2K.\InO^  + 2KCl. 

Solutions  oj  potassium  and  sodium  nianganates  and  perman- 
ganates are  in  common  use  as  green  and  ])urple  disinfecting 
fluids.  4’hey  act  by  oxidizing  organic  matter,  tin?  manganic 
or  permanganic  radical  being  reduced  and  a dark-brown 
manganile  formed.  For  this  reason  asbestos  should  be  used 
instead  of  pa]>er  in  filtering  the  solutions. 

The  changes  in  colour  which  the  grecji  manganatc  under- 
goes when  dropped  into  warm  w.ater  g.ave  rise  to  the  old 
name  mineral  eliameleon,  by  which  the  manganatc  is  still 
sometimes  described. 
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Experiment  3. — Make  a borax  bead  by  heating  a fragment 
of  borax  on  tlie  end  of  a platinum  wire  in  the  blow'pipe- 
flame  until  a clear  transparent  globule  is  obtained.  Place  a 
minute  particle  of  a manganese  compound,  or  a drop  of  a 
solution  of  a manganese  salt,  upon  the  bead  and  heat  it  again 
in  the  oxidizing  flame.  A bead  of  a pale  violet  or  amethyst 
tint  is  ])roduced.  (This  is  useful  as  an  analytical  reaction, 
;ind  it  illustrates  the  use  of  black  manganese  oxide  in  pro- 
ducing common  purple-tinted  glass.)  Expose  the  bead  to 
the  reducing  ]>art  of  the  flame  (p.  145),  the  colour  disappears. 
The  change  is  owing  to  the  reduction  of  the  manganic 
compound  to  a manganous  compound  which  is  nearly 
colourless  (compare  ferrous  and  ferric  compounds,  p.  163). 
'Phis  action  also  illustrates  the  use  of  black  manganese  oxide 
in  glass-manufacture.  Glass,  when  fir.st  made,  is  usually  of 
a green  tint,  owing  to  the  jn-esence  of  small  quantities  of 
ferrous  com])ounds  ; the  addition  of  the  manganese  oxide  to 
the  materials  converts  the  ferrous  into  ferric  compounds, 
which  have  comparatively  little  colour,  it  itself  being  thereby 
reduced  to  manganous  oxide,  which  also  gives  but  little 
colour.  If  excess  of  the  manganese  oxide  is  added,  a purple 
tint  is  produced. 

Manganese  borate  is  an  article  of  commerce  used  for  the 
]n-eparation  of  drying  oils  and  oil  varnishes.  When  moist, 
it  acts  as  an  oxidizing  agent  with  great  facility,  especially  on 
warming. 

Experiment  4. — 'Phrough  a solution  of  a manganous  salt, 
acidulated  with  hydrochloric  acid,  pass  hydrogen  sulphide ; 
no  precipitate  is  produced.  Add  ammonia;  the  ammonium 
hydrosulphide  thus  formed  j)roduces  a yellowish-pink  or 
flesh-tinted  precipitate  of  manganous  sulphide,  MnS. 

This  reaction  is  characteristic,  manganese  suljihide  being 
tbe  only  flesh-coloured  suljdiide  known.  'Phe  salt  used  may 
be  the  manganous  chloride  prej)arcd  in  ex])erimcnt  1 ; but 
such  crude  solutions  usually  give  a black  precipitate  with 
ammonium  hydrosuli)hide,  owing  to  the  presence  of  iron. 
l^nrc  maitganous  chloride  may  be  obtained  by  boiling  the 
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imjnire  solution  witli  manganous  carbonate  ; the  latter  decom- 
poses the  ferric  chloride,  with  the  production  of  ferric  hydro- 
oxide and  more  manganous  chloride,  and  the  evolution  of 
carbonic  anhydride. 

d'o  the  recently  precipitated  manganous  sulphide  add 
acetic  acid ; it  dissolves.  This  solubility  permits  of  the 
separation  of  manganese  from  nickel,  cobalt,  and  zinc,  the 
sulphides  of  which  are  insoluble  in  dilute  acetic  acid.  To 
exj)ress  the  fact  in  another  way,  manganese  is  not  precipitated 
by  hydrogen  sulphide  from  a solution  containing  free  acetic 
acid. 

Experiment  5.— To  a solution  of  a manganous  salt  add 
ammonia ; a white  precipitate  of  manganous  hydroxide, 
Mn(OH)^,  is  produced.  Add  excess  of  ammonia;  some  of 
the  precipitate  is  dissolved,  and  may  be  detected  in  the 
quickl}’  filtered  solution  by  the  addition  of  ammonium  hydro- 
sulphide. But  both  precipitate  and  solution  rapidly  absorb 
oxygen,  the  manganese  passing  into  a more  highly  oxidized 
condition,  in  which  it  is  insoluble  in  ammonia.  Potassium 
and  sodium  hydroxides  give  a similar  precipitate  insolnhle 
I in  excess.  The  precipitate  rapidly  ab.sorbs  oxygen,  be- 

^ coming  brown,  and  gradually  passing  into  a higher  state  of 

oxidation. 

Experiment  6. — To  a solution  of  a manganous  salt  add 
■ dilute  nitric  acid,  and  either  red  lead  or  lead  peroxide,  and 

i then  boil  ; a red  tint  is  imparted  to  the  licpiid,  due  to  the 

formation  of  permanganic  acid.  If  clilorides  are  present,  the 
manganese,  etc.,  should  be  separated  by  means  of  caustic 
potash  or  caustic  soda,  the  precipitate  well  washed,  dissolved 
in  nitric  acid,  and  the  oxide  then  added.  (Crum.)  Or  tlie 
chlorides  may  be  got  rid  of  by  heating  with  sulphuric  acid 
until  all  hydrochloric  acid  has  been  expelled  (Alcock),  and 
then  ai)plying  ( rum’s  test.  An  improvement  on  Crum’s 
test  consists  in  warming  the  solution  to  be  tested,  which 
should  be  free  from  chloride,  with  a small  (|uanlity  of  am- 
monium persulphate  to  which  a drop  of  ;i  dilute  solution  of 
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silver  nitrate  has  been  added.  (H.  Marshall.)  The  purple 
colour  of  the  solution  of  permanganic  acid  is  much  more 
easily  observed  when  this  method  is  employed. 

COBALT  : Co.  Atomic  weight,  58*56 

Sources. — Cobalt  occui's  sparingly  in  nature  as  the  arsen- 
ide, CoAs.^,  tiii-w/iilc  cobaH,  and  occasionally  as  a double 
arsenide  and  sulphide,  CoAsS,  or  cohaU-ghince  (from  glanz, 
brightness,  in  allusion  tf>  its  lustre). 

Uses. — Its  chief  use  is  in  the  manufacture  of  blue  glass. 
A cobalt  compound  is  also  the  colouring  constituent  of  smalt 
(from  .smelt,  a corruption  of  me.ltl),  a variety  of  blue  glass 
reduced  to  fine  powder  and  used  as  a pigment  by  pajier- 
stainers  and  others,  and  emj)loyed  also  by  laundresses  to 
conceal  the  yellow  tint  of  imjierfectly  washed  linen. 

('obnlt  softs,  which  are  mostly  reddish  and  yield  pink  or 
red  solutions,  may  be  obtained  from  the  oxide,  CoO ; and  the 
oxide  from  zajjre,  a mixture  of  sand  and  rofisted  ore  which  is 
chiefiy  cobalt  arsenate.  Metallic  cobalt  is  obtained  b}? 
reducing  cobalt  oxide  (by  heating  it  in  a current  of  hydro- 
gen), or  by  heating  cobalt  oxalate  in  the  absence  of  air. 

Anahjfical  lieactions  of  Cobalt  Salts. 

1.  Pass  hydrogen  sulphide  through  an  acidulated  solution 
of  a cobalt  salt  (cobalt  chloride,  CoCk„  or  nitrate,  Co(N03).„ 
for  example)  ; no  precipitate  is  produced.  Add  solution  of 
ammonia  ; the  ammonium  hydrosulphide  thus  formed  causes 
precipitation  of  black  cobalt  sulphide,  CoS.  (The  moist 
precipitate  slowly  absorbs  oxygen  from  the  air,  yielding 
some  cobalt  sulphate,  CoS(),j.) 

2.  Gradually  add  solution  of  ammonia  to  a solution  of  a 
cobalt  salt ; a blue  precipitate  of  basic  salt  is  jiroduced. 
Add  excess  of  ammonia ; the  preeijutate  is  dissolved,  yield- 
ing a nearly  colourless  solution,  which  is  rapidly  oxidized  by 
the  oxygen  of  the  air  and  becomes  brown  thereby.  Potas- 
sium and  sodium  hydroxides  also  produce  a precipitate  of 
basic  salt  iu.soluble  in  excess. 
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3.  Make  a borax  bead  by  heating  a fragment  of  borax  on 
the  end  of  a platinum  wire  in  tlie  blowpipe-flame  until  a 
clear  transparent  globule  is  obtained.  Place  a minute 
particle  of  any  cobalt  compound,  or  a drop  of  a solution  of 
a cobalt  salt,  upon  the  bead  and  heat  it  again  ; a blue  bead 

i results,  in  both  oxidizing  and  reducing  flames.  This  is  a 
I delicate  test  for  cobalt. 

4.  To  a solution  of  a salt  of  cobalt  add  solution  of 
potassium  cyanide  until  the  precipitate  which  at  first  forms 
has  entirely  redissolved,  and  further  add  considerable  excess 
of  the  cyanide.  Then  add  solution  of  potassium  hydroxide 
in  considerable  quantity  and  an  oxidizing  agent  such  as 
bromine  water,  and  warm.  Potassium  cobalticyanide, 
KgCoCj.N,.,  is  formed  in  solution  but  no  precipitate  is  pro- 
duced. When  a nickel  solution  is  similarly  treated, 
the  nickel  is  completely  precipitated  as  black  nickelic 
hydroxide ; hence  this  action  affords  a means  of  separating 
these  closely  allied  metals  from  each  other. 

.0.  To  a solution  of  a cobalt  salt  add  excess  of  a freshly 
I prepared  solution  of  j)otassium  nitrite  in  dilute  acetic  acid. 
The  cobalt  is  completely  ]>recipitated  as  yellow  potassium 
cobaltic  nitrite  (Fischer’s  Salt),  K,jCo(N().,)|..  Nickel  salts  do 
not  give  any  corresponding  reaction. 

/nruihle  /w/r.Many  col)alt  compounds  containing  water 
of  crystallization  are  light  red,  and  in  the  anhydrous  state 
are  more  or  less  blue.  Prove  this  by  writing  some  words  on 
paper  with  a solution  of  cobalt  chloride  sufficiently  dilute 
for  the  characters  to  be  invisible  when  dry  ; hold  the  sheet 
before  a fire  or  over  a flame  ; the  letters  at  once  become 
distinctly  visible,  and  of  a l)lue  colour.  Breathe  oji  the 
word.s,  or  set  the  sheet  aside  for  some  time,  the  characters 
become  once  more  invisible,  owing  to  the  absorption  of 
moisture.  Hence  solution  of  cobalt  chloride  forms  one  of 
the  so-called  sipiijuil/irlic  inks. 
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NICKEL:  Ni.  Atomic  weighty  58'3 

Sources. — The  ores  of  nickel  and  cobalt  are  commonly 
associated  in  nature.  Indeed  it  is  from  spciss,  a nickel 
arsenio-sulphide  obtained  in  the  manufacture  of  smalt^  a 
j)igment  of  cobalt  which  has  already  been  mentioned, 
tliat  ranch  of  the  nickel  of  commerce  has  liitherto  been 
obtained.  Garnierile,  magnesium  and  nickel  .silicate,  con-  ^ 
taining  no  cobalt,  is  also  a valuable  source  of  nickel. 

Uses. — Nickel  is  used  in  the  preparation  of  the  white 
alloy  known  as  German  or  nickel  silver,  and  is  extensively  - 
emj)loyed  for  plating  iron. 

Nickel  sails,  which  are  generally  green  and  yield  green  ; 

solutions,  are  chiefly  made,  directly  or  indirectly,  from  the  j 

metal  itself.  'I’he  latter  is  obtained  by  reduction  of  the 
oxide  by  strojigly  heating  it  with  eharcoal. 


Analytical  Reactions  of  Nickel  Salts. 

1.  Pass  hydrogen  sul[)hide  through  an  acidulated  solution 
of  a nickel  salt  (nickel  chloride,  NiCl,„  nitrate,  Ni(N03),„or 
sulphate,  NiSO|)  ; no  precipitate  is  produced.  Add  ammonia  ; 
the  ammonium  hydrosulphide  thus  formed  causes  precipitation 
of  black  nickel  sulphide,  NiS. 

A'ote.  — When  nickel  sulphide  is  precipitated  by  the 
addition  of  ordinary  ammonium  hydrosulphide,  which  con- 
tains free  sulphur,  difficulty  is  experienced  in  obtaining  a 
clear  liejuid  on  filtering  the  mixture,  owing  to  the  fact  that 
nickel  sulphide  dissolves  to  some  extent  in  excess  of  yellow 
ammonium  hydrosulphide,  forming  a dark  - coloured  licpiid 
from  which  nickel  sulphide  separates  slowly  on  exposure  to 
the  air.  P’rom  this  filtrate,  the  whole  of  the  nickel  can  be 
separated  in  the  form  of  sulphide  by  adding  excess  of  acetic 
acid  (which  decomposes  the  yellow  ammonium  hydrosulphide 
. — the  solvent  of  the  nickel  sulphide)  and  filtering  again.  It 
can  also  be  separated  by  driving  away  the  ammonium  hydro- 
.sulphide  by  evaporation,  and  refiltering.  In  the  latter  method, 
some  of  the  nickel  sulphide  usually  undergoes  oxidation  into 
nickel  sulphate,  NiSO.,,  which  j)asses  into  solution  and  must  be 
removed  by  reprecipitation  as  sulj)hide  (by  adding  a few  drops 
of  solution  of  ammonium  hydrosulphide  and  then  acidulating 
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with  acetic  acid),  and  filtration.  It  is  occasionally  practicable 
to  avoid  the  difficulty  by  precipitating  tlie  nickel  sulphide 
from  an  ainmoniacal  solution  by  means  of  hydrogen  sulphide, 
or  by  using  freshly-made  ammonium  hydrosulphide  in  which 
nickel  sulphide  is  insoluble. 

2.  Add  solution  of  ammonia  drop  by  drop  to  a solution 
of  a nickel  salt ; a pale-green  preeijntate  of  basic  salt  is  pro- 
duced, especially  on  boiling  the  mixture.  Add  excess  of 
ammonia ; the  precipitate  dissolves,  yielding  a blue  solution. 
Potassium  and  sodium  hydroxides  produce  a pale  green  pre- 
cipitate of  nickel  hydroxide,  Ni(OH).,,  iii.mluhlc  in  excess. 

3.  Nickel  salts  colour  a borax  bead  reddish-yellow'  when 
heated  in  the  oxidizing  flame  ; on  heating  in  the  reducing 
flame,  the  bead  becomes  grey  and  opaque. 

4.  To  a solution  of  a nickel  salt  add  solution  of  potassium 
cyanide;  nickel  cyanide,  Ni(CN).^,  is  precipitated.  Add  excess 
of  solution  of  potassium  cyanide  ; the  precipitate  is  dissolved 
with  formation  of  potassium  nickel  cyanide,  K.,Ni(CN)^.  Then 
add  solution  of  potassium  hydroxide  in  considerable  ([uantity 
and  bromine  water,  and  warm.  The  nickel  is  completely 
precipitated  as  black  nickclic  hydroxide,  Ni(()H).j. 


QUESTIONS  AND  EXERCISES 
Name  the  commonest  ore  of  manganese  ; and  give  an  equation 
descriptive  of  its  reaction  with  h}'drochloric  acid. — Explain  the  form.a- 
tion  of  potassium  permanganate,  giving  equations. — I low  do  potassium 
manganate  and  permanganate  act  as  disinfectants  ?— What  are  the  chief 
tests  for  manganese? — What  are  the  chief  uses  of  the  compounds  of 
cobalt? — How  is  cobalt  analytically  distinguished  from  nickel? — 
Mention  applications  of  nickel  in  the  arts. — What  is  the  usual  colour 
of  nickel  salts? 

DIRECTIONS  FOR  AIMU.VINU  THE  ANAI.VTICAI,  REACTIONS  DESCRIRFI) 
IN  THE  FOREfiOING  PAR  AC.RAI'I  IS  TO  THE  ANAI.VSIS  OF  AN 
AQUEOUS  SOI.UTION  OF  SAI.TS  CONTAINING  ONE  OF  THE  MFTAI.S, 
ZINC,  MANGANE.SE,  CORAI-T,  NICKEI,. 

Hrst  note  the  colour  of  the  solution  : — 

Solutions  of  zinc  salts  are  colourless. 

Solutions  of  manganous  salts  arc  colourless  or  very  p.ale 
pink. 
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Solutions  of  cobalt  salts  are  rose  red. 

Solutions  of  nickel  salts  are  green. 

Add  ammonium  chloride,  ammonia  until  the  liquid,  after 
shaking,  smells  of  this  reagent,  and  then  ammonium  hydro- 
sulj)hi(le : — 

A white  precipitate  indicates  zinc. 

A buff  precij)itate  indicates  a manganous  salt. 

A black  ))recipitate  indicates  a cobaltous  or  a nickel  salt. 
'I'o  distinguish  between  cobalt  and  nickel,  add  ammonia  gradu- 
ally to  a ])ortio]i  of  the  original  solution,  Avithout  jireviously 
adding  ammonium  chloride.  Cobalt  gives  a blue  jirecipitate, 
solubh'  in  excess  and  yielding  a brownish  solution  which 
gradually  darkens.  Nickel  gives  a green  ]>reci])itatc  which 
dis.solves  in  excess  yielding  a blue  solution. 

TAIU.E  OK  SHOUT  DIUECTIONS  KOU  AIM’LYINO  THE  ANALYTICAL 
IIEACTIONS  DEHClimEO  IN  'I'lIE  KOUEOOINO  UAIIAOUAKIIS  TO  THE 
ANALYSIS  OK  AN  AQUEOUS  SOLU'I'ION  OK  SALTS  OK  TWO  OR  MORE 
OK  •rilE  METALS,  ZINC,  MANGANESE,  <;ORALT,  NICKEL. 

If  the  .solution  is  neutral,  acidulate  it  with  acetic  acid  ; if  it 
is  acid,  add  ammonia  until  alkaline  and  then  acidulate  Avith 
acetie  acid.  'I'hrough  the  acetic  acid  solution  pass  hydrogen 
sulphide  until  the  licjuid,  after  .shaking,  smells  of  this  gas  ; 
filter. 


J'recipitate. 

Zn,  Co,  Ni. 

Boil  with  HCl  and  a little  HNO,.,  add  KOH  in 
excess  ; filter. 

Filtrate. 

Mn. 

Add  NIT, OH 
in  excess. 
Buff  ppt. 

J‘recipHate 

Filtrate. 

Co,  Ni. 

Zn. 

Dis.solve  in  HCl ; test  for  Ni  as  de- 

Add 

scribed  in  Reaction  4 (p.  l.'j.'i).  If  Ni 

Nil  SH 

absent,  test  solution  for  Co  by  borax 

bead  (p.  1631 ; if  Ni  present,  filter  off 

white  p]it. 

- 

nickelic  hydroxide,  and  test  filtrate  for 
Co  by  borax  bead. 

* Aiiniioniiim  hydrosulphide  added  to  an  annnoniaeal  solution  con- 
taining annnoniuin  chloride,  is  the  group-reagent  for  zinc,  manganous, 
cobaltous,  and  nickel  salts. 
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ALUMINIUM  : Al.  Atomic  weight,  26'9 

Occurrence. — Aluminium  is  abundant  in  nature,  occurring 
chiefly  as  silicate,  in  clays,  slate,  marl,  basalt,  and  many  other 
minerals.  Mica  or  laminated  talc  consists  chiefly  of  aluminium, 
iron,  magnesium,  and  potassium  silicates.  Spinelle  is  mag- 
nesium aluminite.  Corundum,  sapphire,  ruby,  and  amethyst  are 
almost  pure  aluminium  oxide.  Emery  is  an  impure  aluminium 
oxide.  Rotten  stone  is  a soft,  friable  aluminium  silicate  con- 
taining a little  organic  matter.  Cryolite  is  a double  sodium 
and  aluminium  fluoride. 

The  metal  aluminium  is  obtained  from  the  double  sodium 
and  aluminium  chloride  by  the  action  of  metallic  sodium  (the 
source  of  the  chloride  being  the  mineral  bauxite,  a more  or 
less  ferruginous  aluminium  hydroxide);  also  by  the  electro- 
lysis of  cryolite.  It  is  readily  attacked  by  various  acids,  but 
dilute  sulphuric  acid  only  acts  upon  it  slowly. 

■Vluminium  is  a remarkably  light  metal,  and  in  conse- 
quence of  this  property  and  of  the  fact  that  it  is  practically 
unchanged  by  exj)osure  to  the  air,  it  is  now  largely  employed 
for  the  mountings  for  opera  glasses,  etc.,  and  in  making  cook- 
ing utensils  for  the  use  of  travellers.  It  readily  forms  alloys 
(.sx’c  p.  2.31)  with  other  metals.  One  j)art  of  aluminium  fused 
with  nine  of  copper  gives  aluminium  bronze.  Aluminium  steel 
is  a hard  and  tenacious  alloy  of  iron  with  a little  aluminium. 

Alum  (.Humen,  H.P.),  potassium  aluminium  sulphate, 
K,SO„  Al,(SO,)„  24HA),  or  ammonium  aluminium  sulphate, 
(\  I I.,),.S()',  A1.,('S(),)^,  '24II„0,  may  be  obtained  from  alum 
shale,  an  aluminous  schist  (from  (rywrrds',  .schistos,  divided) 
containing  iron  j)yrites  and  some  bituminous  matter,  by 
exposure  to  air ; oxidation  in  j)rescnce  of  moisture  gives  rise 
to  the  formation  of  aluminium  sulphate,  ferrous  sulphate,  and 
silica,  from  the  aluminium  silicate  and  iron  bisul])hide,  TeS.,, 
(iron  pyrites)  originally  j)resent  in  the  shale,  'bhe  aluminium 
sulphate  and  ferrous  sulphate  are  dissolved  out  of  the  mass 
by  water,  and  either  potassium  or  ammonium  sulphate  or 
chloride  is  added  ; on  concentrating  the  liejuid,  alum  crystal- 
lizes out,  while  the  more  soluble  ferrous  sulj)hate  remains  in 
the  mother-liquor. 

Alum  is  more  frecpiently  prepared  by  directly  decompos- 
ing the  aluminium  silicate  in  the  calcined  sh.ale  of  the  coal 
measures  by  means  of  hot  sul|)huric  acid,  ])otassium  or 
ammonium  salts  being  added  from  time  to  time,  until  a solu- 
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tioii  is  obtained  which  is  sufficiently  concentrated  to  crystallize. 
The  liquid,  well  agitated  during  cooling,  deposits  alum  in 
minute  crystals  termed  (ilum-Jhmr,  which  is  afterwards  re- 
crj'stallized. 

Alums. — A series  of  double  sulphates,  analogous  in  com- 
position to  the  alums  just  mentioned,  have  been  prepared  in 
which  sodium  may  take  the  jilacc  of  potassium  or  ammonium, 
and  iron  or  chromium  may  take  the  place  of  aluminium. 
I'liese  salts  are  also  called  alums  ; their  general  formula  is 
M'.jSO,,  M"^(S().,)3,  24H,^0  ; and  they  all  crystallize  in 
octahedra.  Tlie  student  should  note  that  iron  alum  (below) 
and  chrome  alum  (p.  184)  do  not  contain  aluminium.  Fcrrict 
Ammonii  Sulphas,  O.H.P.,  is  iron  alum,  (NHJ^SO.^,  P’e^(SOj3, 
24H„0. 

(jrdinary  alum  commonly  occurs  in  colourless,  transparent, 
octahedral  crystals,  massed  in  lumps,  which  are  roughly 
broken  up  for  trade  purposes,  but  Avhich  still  exhibit  the  faces 
of  octahedra.  The  commercial  article  sometimes  contains 
potassium  sulphate  (potash  alum),  sometimes  ammonium 
sulphate  (ammonia  alum). 

Note. — The  aluminium  atom  is  trivalent,  and  the  formula 
for  aluminium  chloride  is  AICI3.  'J’he  composition  of  alu- 
minium sulphate  is  never  represented  by  means  of  a formula 
with  a single  atom  of  aluminium,  since  this  would  involve 
writing  Al(S().,)jj.  In  order  to  avoid  writing  a fraction,  the 
whole  formula  is  doubled,  when  we  get  A1.,(S(),)3. 

Ea'pcrimenl. — Prepare  alum  by  heating  a small  (juantity  of 
jjowdered  pipeclay  (aluminium  silicate)  with  about  twice  its 
weight  of  sulphuric  acid  for  some  time,  dissolving  the  result- 
ing aluminium  sulphate  and  excess  of  suljjhuric  acid  in  water, 
and  adding  potassium  carbonate  to  the  clear  filtered  solution 
until,  after  well  stirring,  the  excess  of  acid  is  neutralized. 
(If  too  much  carbonate  be  added,  the  aluminium  hydroxide 
which  is  j)recipitated  when  the  carbonate  is  first  poured  in 
will  not  be  redissolved  even  on  thorough  mixing.  Perhaps 
the  readiest  indication  of  neutrality  in  this  and  similar  cases 
is  the  presence  of  a .small  (luauliti/  of  precipitate  after  stirring 
and  warming  the  mixture.)  On  evaporating  the  clear  solu- 
tion, crystals  of  alum  are  obtained. 

Aluminium  Sulphalc  or  “Alum-cake,”  A1.3(SO,,)3,  OH.^O,  jirc- 
pared  from  natural  silicates  in  the  manner  just  described,  is 
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a co'.nnioii  article  of  trade,  serving  most  of  the  manufacturing 
purposes  for  which  alum  was  formerly  employed.  (Alumini 
Sulphas,  U.S.P.) 

Dried  Alum  [A lumen  Kxsiccalum,  15. P.)  is  potassium  alum 
from  which  the  water  of  crystallization  has  been  expelled  by 
heat.  By  ealculation  from  the  formula,  it  will  be  found  that 
alum  contains  between  45  and  46  jier  cent,  of  water.  Dried 
alum  rapidly  reabsorbs  water  from  the  air,  and  is  slowly  but 
completely  soluble  in  water.  At  temperatures  above  400°  F. 
(204‘4°  C.)  ammonium  alum  is  decomposed,  water,  ammonia, 
and  suljdmric  anhydride  eseaping,  and  pure  aluminium  oxide, 
AI.,03,  remaining. 

Roche  alum,  or  Rode  alum  (Fr.  ruche,  rock),  is  the  name  of 
an  impure  native  variety  of  alum  containing  iron.  The 
ailicle  sold  under  this  name  is  generally  an  artifieial  mixture 
of  common  alum  with  ferric  oxide. 

Analiitical  Reactions  o f Aluminium  Salts. 

1.  To  a solution  of  an  aluminium  salt  (alum,  for  exann)le, 
which  contains  aluminium  sulj)hate)  add  ammonium  hydro- 
sulj)hide ; a white  gelatinous  preeijntate  of  aluminium 
hydroxide  is  produced  : — 

AF(S0,)3  + 6NH,SH  + GHT)  = 2A1(()H)3  + 3(NH.,).,S(),  + 6PFS 

2.  lo  a solution  of  alum  add  ammonia;  aluminium 
hydroxide  is  precipitated  : add  excess  of  ammonia ; the 
precipitate  is  practically  insoluble. 

Principle  of  Dtjeing  Inj  help  of  Mordants. — Precipitated 
aluminium  hydroxide  has  great  affinity  for  vegetable  colour- 
ing-matters, and  also  for  the  fibre  of  cloth.  Rei)eat  experi- 
ment 2,  but  before  adding  the  ammonia,  introduce  into  the 
test-tube  some  decoction  of  logwood,  solution  of  cochineal,  or 
other  solution  of  an  animal  or  vegetable  colouring-matter. 
Now  add  the  reagent  and  set  the  tube  aside  for  the  precipitate 
to  settle;  the  latter  takes  down  with  it  all  the  colouring- 
matter.  In  dye  works,  the  undyed  fabrics  are  treated  with 
solutions  of  aluminium  acetate  in  such  a manner  as  to  deposit 
aluminium  hydroxide  within  their  fibres,  and  arc  then  passed 
thiough  the  colouring  solutions,  from  which  the  hydi’oxide 
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abstracts  colouring-matter.  Some  other  metallic  hydroxides, 
notably  those  of  tin  and  iron,  resemble  aluminium  hydroxide 
in  this  respect ; they  are  termed  mordants  (from  mordens, 
biting) ; the  substances  they  form  with  colouring-matters  are 
called  iakes. 

3.  To  a solution  of  alum  add  solution  of  potassium 
hydroxide;  aluminium  h3'droxide  is  precipitated.  Add  excess 
of  the  reagent,  and  agitate  ; the  precipitate  dissolves. 

Aluminium  liydroxide  may  be  precipitated  from  this  solu- 
tion bj'  neutralizing  tlie  potassium  hj'droxide  with  hydro- 
chloric  acid,  and  adding  ammonia  until,  after  shaking,  the 
mixture  smells  of  ammonia  ; or  bj'  adding  a sufficient  ejuantity 
of  .solution  of  ammonium  cliloride  to  the  alkaline  liquid,  and 
boiling  until  ammonia  is  no  longer  evolved. 

4.  I’o  a solution  of  alum  add  solution  of  potassium  or 
sodium  carbonate.  A precipitate  of  aluminium  hydroxide  is 
produced,  and  carbonic  anhydride  escapes : — 

Ah(S()j3  -f  3K,C()3  + 3H3O  = 2Al(OH)g  -t-  SK^SO^  4-  3CO3 


QUESTIONS  AND  EXERCISES 

Enumerate  the  cliief  natural  compounds  of  aluminium? — Write 
down  a formula  which  will  represent  either  of  the  alums. — Which 
alum  is  official,  and  commonly  employed  in  the  arts? — SLate  the 
source  and  explain  the  formation  of  alum. — What  is  the  crystalline 
form  of  alum  ? — Calculate  how  much  dried  alum  is  theoretically  pro- 
ducible from  100  pounds  of  potassium  alum.  AnSy  5i  lb.  7 oz. — Show 
that  ordinary  ammonium  alum  is  capable  of  yielding  11  •209  per  cent, 
of  aluminium  oxide. — Why  are  aluminium  compounds  used  iii  dyeing? 
I low  are  aluminium  salts  analytic^ally  distinguished  from  zinc  salts  ? 


IRON  : Fe.  Atomic  weight,  55-6 

No«rm— Compounds  of  iron  are  abundant  in  nature. 
Magnetic  Iron  Ore,  or  Loadstone  (Lodestone  or  headstone,  from 
the'^Saxon  Icedan^  to  lead,  in  allusion  to  its  use,  or  rather,  to 
the  use  of  magnets  made  from  it,  in  navigation),  FcaO.,,  is  the 
chief  ore  from  which  Swedish  iron  is  made.  Much  of  the 
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lUissian  iron  is  made  from  Specular  Iron  Ore  (from  .speculum,  a 
mirror^  in  allusion  to  the  lustrous  nature  of  the  crystals  of 
this  mineral)  ; this  and  Red  Ilccmalite  (from  alpa,  hoima,  bloody 
so  named  from  the  colour  of  its  streak),  an  ore  raised  in 
Lancashire,  are  composed  of  ferric  oxide,  Fe„03.  Brown 
JIcL'malite,  an  oxyhydroxide,  Fe„0(()H)|,  is  the  source  of 
much  of  the  I'rench  iron.  Needle  iron  ore,  or  gotliite,  is  also 
an  oxyhydroxide,  FeO(C)Fl).  Spathic  Iron  Ore  (from  .spallia, 
a slice,  in  allusion  to  the  lamellar  structure  of  the  ore)  is 
ferrous  carbonate,  FeCOg.  An  impure  ferrous  carbonate 
forms  the  Clay  Ironstone,  whence  most  of  the  English  iron  is 
derived.  The  chief  Scotch  ore  is  also  an  impure  carbonate, 
containing  much  bituminous  matter  : it  is  known  as  Blade 
Band.  Iron  Pyrites  (from  irvp,  pur,  fire,  in  allusion  to  the  pro- 
duction of  sjiarks  when  sharply  struck),  FeS.„  is  a yellow, 
lustrous  mineral,  now  largely  emj^loyed  as  a source  of  sulphur. 
As  met  with  in  coal,  it  is  commonly  termed  coal  brasses. 
Ferrous  bicarbonate,  chloride,  and  sulphate,  sometimes  occur 
in  sj)rings,  the  waters  of  which  are  hence  termed  chalybeate 
{chalybs,  steel). 

Manufacture  of  Iron. — The  manufacture  of  iron  from  its 
ores  is  carried  on  as  a continuous  j)rocess  by  means  of  the 
blast-furnace,  a high  structure  built  with  hre-bricks.  Most 
manufacturers  employ  a mixture  of  ores — tlie  oxide  ores 
.simply  in  the  condition  in  which  they  are  mined,  and  some 
other  ores  after  the  ])reliminary  operation  of  roasting,  or 
strongly  heating  in  air,  to  convert  them  into  oxide.  The 
mixed  ore.s,  along  with  coal  and  limestone,  are  fed  into  the 
top  of  the  blast-furnace,  while  a current  of  heated  air,  forced 
in  at  the  bottom  under  considerable  j)ressure,  causes  the  coal 
to  burn  ra{)idly,  and  thereby  maintains  a very  high  temj)era- 
ture  inside  the  furnace.  In  the  course  of  their  passage  down 
from  the  top,  the  iron  oxides  give  up  their  oxygen  to  form 
carbonic  aidiydride,  and  the  reduced  iron  trickles  down  and 
collects  at  the  bottom  of  the  furnace.  On  its  way  down,  the 
melted  metal  is  protected  from  the  oxidizing  action  of  the 
hot-air  blast  by  the  .slag,  a fusible  glassy  substance  which  is 
j)roduced  by  the  interaction  of  the  limestone  with  the  sand 
and  clay  present  as  im])uritics  in  the  f>rc‘s.  The  fused  slag 
collects  in  a layer  which  lies  on  the  to|>  of  the  melted  iron 
and  is  occasionally  drawn  off.  The  iron  is  .also  drawn  off 
from  time  to  time,  and  is  allowed  to  (low  inlo  narrow  br.anchcd 
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gutters  moulded  in  sand,  wliere  it  cools  and  solidifies,  and  is 
afterwards  broken  up  into  fragments  which  constitute  jng- 
iron — the  form  in  which  cast-iron  is  met  with  in  commerce. 

'I'he  cast-iron  thus  jn’odiiced  may  be  convertedinto  wrought- 
iron  by  burning  out  the  4 or  5 per  cent,  of  carbon,  silicon, 
and  other  imjiuritics  j)resent,  by  oxidation  in  a furnace — 
an  operation  termed  jHiddling.  Steed  is  iron  containing  from  1 
to  2 i)cr  cent,  of  carbon.  It  is  now  made  by  the  Bessemer 
proce.s.s,  which  con.sists  in  burning  out  from  cast-iron  the 
variable  amount  of  carbon  it  contains,  and  then  adding  melted 
iron  containing  a known  i)roj)ortion  of  carbon.  The  official 
iron  (Ferruni,  B.l’.)  is  “annealed  iron  wire,  having  a diameter 
of  about  0-005  inch  (O'l  millimetre)  (about  No.  35  wire 
gauge),  or  wrought-iron  nails,  free  from  oxide”:  these  being 
forms  in  which  iron  is  conveniently  employed  for  conversion 
into  its  com])ounds.  In  the  form  of  a fine  powder,  metallic 
iron  is  emjiloyed  as  a medicine  (.vet-  j).  177). 

Proj)erties. — The  specific  gravity"  of  pure  iron  is  7'844  ; of 
the  best  bar  iron  7'7.  Its  colour  is  bluish  white  or  grey. 
Bar  iron  recpiires  the  highest  heat  of  a wind-furn.ace  for 
fusion,  but  below  that  temjiei-ature  it  assumes  a pasty  con- 
sistence, and  in  that  state  two  pieces  may  be  joined  or  welded 
((ierm.  wellen,  to  join)  by  the  pressure  of  blows  from  a 
hammer.  A little  sand  thrown  upon  the  hot  metal  facilitates 
this  oj)eration  by  forming  with  the  superficial  coating  of 
oxide  of  iron  a fusible  slag,  which  is  disj)ersed  by  the  blows: 
the  })urely  metallic  surfaces  are  thus  better  enabled  to  come 
into  thorough  contact  and  enter  into  perfect  union.  Iron  is 
highly  ductile,  aTid  of  all  common  metals  possesses  the 
greatest  amount  of  tenacity.  At  a high  temperature  it  burns 
in  the  air,  forming  black  magnetic  oxide.  Ordinary  iron  rust 
is  chiefly  brown  ferric  hydroxide  or  oxyhydroxide,  with  a 
little  ferrous  oxide  and  carbonate  ; it  is  produced  by  action  of 
the  moisture  and  carbonic  anhydride  of  the  air  and  subsc- 
(juejit  oxidation.  Steam  passed  over  iron  heated  to  redness 
yields  hydrogen  and  magnetic  oxide  of  iron. 

Qiiantiralence  of  Iron.  Ferrous  and  Ferric  Salts. — In  its  union 
with  other  elements  and  with  radicals,  to  form  salts,  iron 
exhibits  the  property  of  combining  with  these  in  two  pro- 
portions so  as  to  give  rise  to  two  distinct  sets  of  salts.  In 
one  of  these  sets,  iron  appears  as  a bivalent  metal,  tbe 
formula  of  flic  chloride  being  I'eri.,,  that  of  the  sulphate. 
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FeSO^,  etc.  In  the  other  set  iron  is  trivaleiit,  the  i'ormuhe  of 
the  chloride  and  sulphate  being  FeClg  and  Fe^(SOJg  respec- 
tivelv.  These  two  sets  of  salts  are  regarded  as  related  to  the 
two  basic  oxides  of  iron,  FeO  and  Fe.gOg  (the  })lace  of 
the  oxygen  of  the  basic  oxides  being  taken  by  acid  radical), 
tmd  they  are  known  as  ferrous  and  ferric  salts  respectively. 
Thus  the  ‘Tower”  chloride,  Fed.,  (or  chloride  containing  the 
-smaller  proportion  of  chlorine)  is  ferrous  chloride,  while  the 
■‘higher”  chloride,  Fedg  (or  chloride  containing  the  larger 
proportion  of  chlorine),  is  ferric  chloride.  When  the  analyti- 
cal reactions  of  iron  salts  come  to  be  studierl,  it  will  be 
Found  that  those  of  the  ferrous  and  ferric  salts  are  (piite 
Jifferent  from  each  other  and  enable  the  student  to  ascertain 
iin  which  of  the  two  forms  of  combination  the  iron  is  present, 
.fhis  feature  of  forming  two  separate  sets  of  salts  is  not 
ipeculiar  to  iron,  but  is  met  with  in  the  cases  of  cop[icr, 
mercury,  and  various  other  metals.  The  terminations  ous 
■ind  ic  are  employed  in  these  cases  in  a consistent  manner, 
ihe  former  always  denoting  the  compound  containing  the 
•smaller,  and  the  latter  that  containing  the  larger  projiortion 
of  oxygen  (in  the  case  of  the  basic  oxides)  and  of  acid  radical 
Tn  the  case  of  the  salts). 
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Ferrous  Sulphate.  Iron  Sulphate 


Experiiiieiil  1. — Place  iron  (small  tacks)  in  dilute  sulphuric 
eicid,  accelerating  the  action  by  heat  until  effervescence 
■ceases. 

Fe  -f  1 1, SO,  = FeSO,  + H„ 

Iron  Suli>lMiric  ai-iil  Kurrous  sul|ilmln  llydnjKuii 

The  solution  contains  ferrous  suljdiate,  and  will  yield 
:crystals  of  that  substance,  FcSO,,  TIIJ),  ferri  Sulphas,  IFP.) 
:on  cooling  or  on  further  eva])oration  ; or  if  the  hoi  concen- 
d^rated  solution  be  poured  into  alcohol,  the  mixture  being 
I<well  stirred,  the  sulphate  is  at  once  thrown  down  in  mimile 
iKrystals  f'erri  Sulphas  (Irauulalus,  U.S.P.).  At  a tcm])crature 
cof  212’  I.  (100’  C.)  ferrous  sulphate  loses  six-sevenths  of  its 
"wattrr,  and  becomes  Ferri  Sulphas  I'„rsiecal us,  B.P. 
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Other  Sources  of  Ferrous  Sulphate. — In  the  laboratory^ 
ferrous  sulphate  is  often  obtained  as  a by-jjroduct  in  making 
hydrogen  sulphide  (p.  102).  In  the  manufacture  of  alum  it 
occurs  as  a by-product  in  the  decomposition  of  the  aluminous 
shale,  as  already  noticed  (p.  167). 

A two  ]ier  cent,  solution  of  ferrous  sulphate  in  distilled 
water  constitutes  “Solution  of  Ferrous  Sulphate,”  B.P. 
“ The  solution  should  be  recently  prepared,”  because  of  its 
liability  to  absorb  ox}'gcn  Avith  formation  of  ferric  oxysulphate 
{see  below). 

Notes. — I'errous  sulphate  was  formerly  termed  green 
vitriol.  Vitriol  (from  vitrum,  glass)  was  originally  the  name 
of  any  trans])arcnt  crystalline  substance  : it  was  afterAvards 
restricted  to  the  sulphates  of  zinc,  iron,  and  co2)per,  Avhich 
Avcrc,  and  still  are  occasionally,  knoAvn  as  Avhite,  green,  and 
blue  vitriol  respectively.  Copperas  (probably  originally 
('oj)per-ru.st,  a term  apjilied  to  verdigris  and  other  green 
incrustations  of  coj)per)  is  another  name  for  this  iron  sulphate, 
sometimes  distinguished  as  green  copperas,  copper  sulphate 
being  blue  co])peras.  lixsiccated  ferrous  .sulphate  is  a con- 
stituent of  Piluta  Aloes  et  Ferri,  B.P.  Ferrous  sulj)hate  forms 
a light  green  double  salt  Avith  ammonium  sulphate  (ammo- 
nium ferrous  sulphate,  (Nil ^).^S()^,  FeSO.,,  6H/)). 

p'errous  sul])hate,  when  exposed  to  the  air,  gradually 
becomes  broAvn  through  absorption  of  oxygen,  ferric  oxy- 
sulphate, I'e., 0(504).,,  being  formed.  'I’he  latter  is  not  com- 
pletely dissolved  but  is  decomposed  by  water,  Avith  the 
formation  of  a still  lower  insoluble  oxysalt  (FejO^SO,),  and 
soluble  ferric  sulphate : 5Fe,^0(S()4)2  = Fe^O^SO^  -f  SP^e.^^SO^).,. 

Iron  heated  Avith  undiluted  suljihuric  acid  yields  sul- 
phurous anhydride  and  ferrous  sulphate : — 

Fe  + 2 H2SO4  = FeSO^  + SO,  + 211,0 


Ferrous  Carbonate.  Iron  Carbonate 

K.vperiment  2. — To  a boiling  solution  of  ferrous  suljihate, 
in  a test-tube,  add  a solution  of  ammonium  carbonate, 
(NH4),CC)3,  which  has  been  pre2)ared  Avith  recently  boiled 
hot  water ; a Avhite  ju-eci{)itate  of  ferrous  carbonate,  FeCO^, 
is  produced  which  rapidly  becomes  light-green,  bluish-green, 
and  on  .standing  for  some  time,  reddish-broAvn,  owing  to 
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absorption  of  oxygen  ; carbonic  anhydride  is  evolved,  and 
ferric  oxyhydroxide  is  formed. 

FeSO,  + (NHJ.COa  = FeCO.,  + (NHJ.SO, 

Ferrous  Ainmouium  Ferrous  Ammonium 

sulphate  carbonate  carbonate  s\ilpliate 

Saccitaraled  Iron  Carbonate. — Tlie  above  precijjitate  of 
ferrous  carbonate,  rajndly  washed  witli  hot  well-boiled 
riistilled  water,  and  then  mixed  with  sugar  and  quickly 
ilried — all  possible  precautions  being  taken  to  avoid  jtro- 
longed  exposure  to  air — forms  saccharated  iron  carbonate 
'Ferri  ('arbona,s  Saccharatus,  B.P.).  The  official  proportions 
1 ire  two  ounces  of  ferrous  sulphate  and  one  ounce  and  a 
rjuarter  of  “ ammonium  carbonate,”  each  dissolved  in  half  a 
gallon  of  hot  tvater.  The  solutions  are  mixed  and  set  aside 
n a deep,  well-covered  vessel,  the  supernatant  liquid  is 
, )oured  off  when  the  precipitate  has  subsided,  the  vessel  is 
•igain  filled  ujt  with  boiling  water,  the  liquid  once  more 
)Oured  away,  the  precipitate  transferred  to  a calico  filter, 
drained,  gently  pressed,  and,  while  still  somewhat  moist, 
"ubbed  in  a mortar  with  one  ounce  of  sugar,  and  finally  dried 
iDver  a water-bath.  This  is  probably  a nii.vlnre  of  ferrous 
rarbonate,  etc.,  with  sugar  ; a compoitnd  known  as  iron  sneratc, 
containing  about  48'5  per  cent,  of  iron,  is  obtained  by  j)our- 
iig  a solution  of  cane-sugar  and  ferric  chloride  into  a slight 
-xcess  of  caustic  soda ; a reddish-brown  crystalline  precipi- 
ate  is  produced.  Inni  mallo.sale  is  an  analogous  compound. 

( Xole.s-.  -The  red  powder  formerly  termed  Carbonate  or 
Inubcarbomite  of  Iron  (^Ferri  Carbona.s-  or  Ferri  Snbearbonas') 
was  ferrous  carbonate  washed  and  dried  with  free  exposure 
■,o  air,  the  product  thus,  by  the  absorption  of  oxygen  and 
he  elements  of  water,  and  the  elimination  of  carbonic  aidiy- 
llride,  becoming  ferric  oxyhydroxide,  a compound  which  will 
••ome  under  notice  subseciuently.  Ferrous  carbonate  is  said 
o be  more  easily  dissolved  in  the  .stomach  than  any  other 
nron  prei)aration.  It  is  so  easily  oxidized,  that  it  must  be 
Iwashed  with  water  free  from  dissolved  air,  and  then  mixed 
iwith  the  sugar  (which  ))rotects  it  from  oxidation)  as  (piicklv 
MS  possible.  In  making  tlie  official  compound  mixture  of 
•iron  (Mi.sinra  Ferri  Composita,  H.F.),  “Griffith’s  mixture,”  the 
orepared  ingredients,  including  the  jiotassium  carhonalc, 
khould  be  placed  in  a bottle  of  the  reciuired  size,  space  being 
left  for  the  crystals  or  solution  of  ferrous  sidphatc;,  which 
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slioulcl  be  added  lastj  the  bottle  immediately  filled  up  with 
the  rose-water  and  securely  corked  ; the  minimum  of  oxida- 
tion is  tluis  ensured,  Tlie  proportions  ordered  in  the  official 
mixture  are  twice  the  formula  weight  of  potassium  carbonate 
for  once  tliat  of  ferrous  sulphate ; hence,  as  the  ferrous 
carbonate  decomposes,  the  carbonic  anhydride  produced 
does  not  necessarily  escape,  but  converts  the  potassium 
carbonate  into  bicarbonate.  PUula  Feni,  B.P.,  Iron  Pill  or 
“ Bland’s  I’ill,”  is  j)reparcd  with  exsiccated  ferrous  sulphate 
and  exsiccated  sodium  carbonate. 

h'eSO.,  + Na.COa  = FeCO,,  + Na.SO.^ 

Ferrous  Arsenate.  Iron  Arsenate 

See  under  Arsenium  (p.  194). 

Ferrous  Phosphate.  Iron  Phosphate 

Krpcrhnenl  6. — 'I’o  a hot  solution  of  ferrous  sulphate  in  a 
test-tube,  add  a hot  solution  of  sodium  )>hosphate  and  a small 
(juanlity  of  a solution  of  sodium  bicarbonate ; ferrous  phos- 
j)hate,  Fe.j(l is  precipitated.  Ferri  Phosphas,  B.P.,  con- 
tains not  less  than  47  per  cent,  of  hydrous  ferrous  phosphate, 
Fe,(P(),,)„  8H,0. 

3FeS(),  + 2Na,HP(),  + 2NaHC03  = 

Eiirrous  sulpliato  HoJium’ijliosplmto  Sodium  bicarbonate 

Fe,,(P()J.^  + 3Na,SO^  + 2H./)  + 200, 

FeiToii.s  plio.sphato  Sodium  sulpliate  Water  Carbonic  auliydride 

Officially,  solutions  of  3 ounces  of  ferrous  sulphate  in  30 
of  hot  water,  and  2|  ounces  of  sodium  phosphate  in  30  of  hot 
water,  together  with  | ounce  of  sodium  bicarbonate  dissolved 
in  a little  water,  are  well  mixed,  and  the  mixture  is  filtered  ; 
the  preci])itate  is  thoroughly  washed  with  hot  water,  and, 
to  prevent  oxidation  as  much  as  possible,  dried  at  a tempera- 
ture not  exceeding  120°  F.  (48‘8°  C.).  These  jjroportions  will 
be  found  to  accord  fairly  with  the  weights  of  the  ciystalli/.ed 
salts  required  for  the  foregoing  equation.  3(FeSOj,  7 = 
828-3;  2(Na,HPO,„  I2H2O)  = 71 P28  ; 2(NaHay  = 1GG-8G. 

'J’he  addition  of  the  sodium  bicarbonate  is  to  ensure  the 
absence  of  free  sulphuric  acid  from  the  solution.  Sulphuric 
acid  dissolves  ferrous  phosphate,  and  it  is  impossible  to  jjrc- 
veut  the  liberation  of  some  sulpluiric  acid,  if  only  the  ferrous 
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sulphate  and  sodium  phosphate  be  employed  without  the 
sodium  bicarbonate.  Ferrous  phosphate  is  white  but  soon 
becomes  oxidized  and  is  then  slate-blue.  Two  syrups  con- 
taining ferrous  phosphate  are  ohicial.  Si/rtipufi  Ferri  Pliox- 
phatis,  B.P.,  is  prepared  by  dissolving  iron  wire  in  concentrated 
phosphoric  acid,  and  adding  syruj) ; and  Sip-i/pus  Ferri  F/ius- 
phatis  cum  Qiihihia  cl  Slri/chniiKi,  B.P.,  in  the  same  manner, 
quinine  sulphate  and  strjmhnine  being  added  before  the 
syrup. 

Ferrous  Sulphide.  Iron  Sulphide 

Fxperiment  4. — Mix  sulphur  in  a test-tube  with  about  twice 
its  weight  of  iron  filings  and  strongly  heat  the  mixture 
in  the  Bunsen  flame  (or  heat  in  an  earthen  crucible  in  a 
furnace)  ; ferrous  sulphide,  h’eS,  is  formed.  When  the  pro- 
duct is  cold,  add  water  to  a small  portion  of  it,  and  then  a 
few  drops  of  sulphuric  acid  ; hydrogen  sulphide,  FFS,  recog- 
nisable by  its  odour,  is  evolved.  FeS  + FI.jSO^  = FeSO^  + H.,S. 

Sticks  of  sulphur  pressed  against  a white-hot  bar  of  cast- 
iron  give  a j)ure  form  of  ferrous  sulphide.  Or  melted  sidphur 
may  l)e  poured  into  a crucible  full  of  red-hot  iron  nails,  when 
a ([uantity  of  fluid  ferrous  sulj)hide  is  at  once  formed  and  may 
be  poured  out  on  a slab. 

Hydrous  Ferrous  Chloride.  Iron  Chloride 

F.iperiment  — Digest  iron  tacks  or  wire,  in  a test-tube, 
in  hydrochloric  acid;  hydrogen  escapes,  and  the  solution  on 
cooling,  or  on  evaporation  and  cooling,  dc[)Osits  crystallized 
ferrous  chloride.  Fed.,,  4H.,(). 

Anhjjdroii.s  Ferroit.v  Ch/orutc. — Sec  p.  1G9. 

Ferrous  Iodide.  Iron  Iodide 

h.vpcrhiieiil  G. — Place  a j)iece  of  iodine,  about  the  size  of 
a pea,  in  a test-tube,  witli  a small  (juantity  of  water,  and  add 
a few  iron  filings,  or  small  nails,  or  some-  iron  wire.  On 
gently  warming,  or  mere  ly  shaking  if  longer  lime  be  allowed, 
the  iodine  disa])])cars,  and  on  filtering,  a clear  light-green 
solution  of  ferrous  iodide,  Fel„  is  obtained.  On  evaporation, 
the  solid  iodide  reniains. 
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Solid  ferrous  iodide  contains  about  18  per  cent,  of  water 
of  crystallization  and  a little  iron  oxide.  It  is  deliquescent 
and  liable  to  absorb  oxygen  from  the  air  with  formation  of 
insoluble  ferric  oxyiodide  or  hydroxyiodide.  Ferrous  iodide 
thus  oxidized  may  be  ])urified  by  re-solution  in  water,  addition 
of  a little  more  iodine  and  some  iron,  warming,  filtering,  and 
evaj)orating  as  before.  Syruj)  of  ferrous  iodide  (^Sip'upus  Ferri 
lodidi,  B.P.)  has  already  been  described  on  p.  25.  Syrup  of  fer- 
rous iodide  which  has  become  brown  may  usually  be  restored 
by  immersing  the  bottle  in  a water-bath  and  slowly  warming. 

Fcrmits  Bromide,  I'eBr.,,  occasionally  used  in  medicine, 
may  be  made  in  a similar  way.  Its  solution  in  water  or  syrup 
is  light  green. 

FERRIC  SALTS 

Anhydrous  Ferric  Chloride.  (Iron  Perchloride)* 

Experiment  7. — Pass  chlorine  (generated  from  black  man- 
ganese oxide  and  hj'drochloric  acid  in  a flask)  through  con- 
centrated sulphuric  acid  contained  in  a small  wash-bottle  (to 
dry  the  gas)  and  then,  by  means  of  a glass  tid)c,  to  tlie  bottom 


Fio.  SI. — I’reparatioii  of  Anliyilroiis  Ferric  Cliloride. 


of  a test-tube  containing  twenty  or  thirty  small  iron  tacks  (or 
a Hask  containing  two  or  three  ounces  of  them — nee  fig.  .31), 

* Tlic  prefix  per  (and  hyper)  used  liere  and  elsewhere  is  from  I'-ir^/), 
hyper,  over  or  al)ove,  and  in  this  ease,  indicates  tlie  higlier  cliloride  of 
iron  ; tliat  is,  iron  pcrcliloride  is  the  iron  chloride  which  contains  ihe 
larger  proportion  of  chlorine. 
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I the  latter  being  kept  hot  by  a gas-flame  ; ferric  chloride  (or 
iiron  perchloricle),  FeClg,  is  formed  and  condenses  in  the 
upper  part  of  the  tube  or  flask  as  a mass  of  small,  dark, 
iridescent  crystals.  When  a tolerably  thick  crust  of  the  salt 
is  formed,  break  off  the  part  of  the  glass  containing  it,  being 
careful  that  the  remaining  corroded  tacks  are  excluded,  and 
place  it  in  ten  to  twenty  times  its  weight  of  water : the 
1‘esulting  solution,  poured  off  from  any  pieces  of  glass,  is  a 
nearly  neutral  solution  of  ferric  chloride,  and  may  be  employed 
for  analytical  reactions. 

Precaution. — The  above  experiment  must  be  conducted  in 
the  open  air,  or  in  a fume-cupboard. 

Anhijclrous  Ferrous  Chloride. — In  breaking  up  the  vessel, 
scaly  crystals  of  this  substance,  FeCl.„  of  a light-buff  colour, 
will  be  observed  adhering  to  the  nails. 

Note. — Solution  of  ferric  chloride  gives  off  some  hydro- 
chloric acid  on  boiling,  while  a darker-coloured  solution  of 
ferric  oxychloride  remains. 

Solution  of  Ferric  Chloride 

K.rperinienl  8. — Through  a portion  of  the  solution  of  ferrous 
chloride  prepared  in  experiment  5,  pass  chlorine  gas ; the 
ferrous  chloride  is  converted  into  ferric  chloride.  The  excess 
of  chlorine  dissolved  by  the  licjuid  in  this  experiment  may  be 
removed  by  ebullition  ; but  the  ferric  chloride  is  liable  to  be 
slightly  decomposed.  (.S'ce  above.)  'I'he  free  chlorine  is 
better  carried  off  by  passing  a current  of  air  through  the 
li(piid  for  some  time. 

Strong  Solution  of  Ferric  Chloride 

F.r/>eri»ienl  9. — To  a jKU'tion  of  the  solution  of  ferrous 
chloride,  prepared  in  cx])crimcnt  5,  add  a little  h^'drochloric 
acid  ; heat  the  licpiid,  and  drop  in  nitric-  acid  until  the  black 
colour  at  first  produced,  disaj)pcars  ; flu-  resulting  reddish- 
brown  licpiid  is  a solution  of  ferric  chloride-. 

•‘IFcCf,  -I-  HNO3  + flFcC'l^  + NO  + 211,0 

I'Hrroim  NitrU*  Hyrlrochloric  Ff'rrir.  Nitric  Water 

clilori<lc  aci«l  aci'l  chlori'le  (jxidi^ 
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1 lie  black  substance  is  a compound  produced  by  the 
interaction  ot  nitric  oxide,  NO,  ivith  some  ferrous  salt;  its 
composition  is  2FeSO_j  + NO  ; it  is  decomposed  by  heat. 

I'liis  is  the  process  for  }iroducing  Lujuor  Ferri  Perchloruli 
Fortis,  11. P.,  4 ounces  of  iron  wire,  20.^  fluid  ounces  of  hydro- 
chloric acid,  H of  nitric  acid,  ami  sufficient  water  being  em- 
jiloycd,  and  the  product  boiled  down  to  17|  fluid  ounces. 
Practically  it  is  impossible  so  to  apportion  the  acids  that  the 
resulting  solution  shall  be  free  from  excess  of  acid,  and  shall 
not  contain  either  ferrous  salt  or  ferric  nitrate.  For  most 
medicinal  j)urpo.sc.s,  however,  solution  of  ferric  chloride  con- 
taining h^'drochloric  acid  is  said  to  be  unobjectionable.  On 
the  large  scale  .some  time  may  be  saved  by  adopting  the 
oflicial  j)lan  of  adding  the  acid  .solution  of  ferrous  chloride  to 
the  nitric  acid. 

Diluted  to  four  times  its  volume  witli  water-,  this  strong 
solution  gives  Imjuoi-  Ferri  Fcrch/oiidi,  B.P. — or  1 volume  with 
1 of  alcohol,  and  suflicient  water  to  produce  4 volumes,  gives 
I'inchna  Ferri  Perch/aridi,  B.P. 

Note. — The  alcohol  in  the  latter  preparation  does  not  act 
either  as  a special  solvent  or  as  a preservative — the  oflices 
usually  performed  by  alcohol  in  B.P.  preparations — and,  as  a 
matter  of  fact,  unless  the  licpiid  contain  excess  of  acid,  it 
decomposes  the  ferric  chloride  and  causes  the  formation  of 
an  insoluble  ferric  oxychloride.  FLven  if  the  tincture  be  acid, 
it  slowly  loses  colour-,  ferrous  chloride  arrd  ethereal  compourrds 
coirtairrirrg  chlorirre  being  formed.  The  Lujuor,  which  is 
similar-  iir  streirgtlr,  is  rrot  liable  to  such  deconrpositiorr  arrd 
such  variation  in  characters. 

Solutiorr  of  Ferric  Chloride,  wheir  evaporated,  yields  a 
mass  of  yellow  crystals  havirrg  the  cornpositiorr  FeClg,  GH„0, 
or-,  rrrrder-  other  corrditions,  red  cr-ystals  represented  by  the 
foi-mula  2FeCly,  5H.,0. 

Ferric  Sulphate  (formerly  called  Iron  Persulphate)* 

Fxj)crivieiil  10. — Dissolve  about  three-quarters  of  air  ouirce 
of  ferrous  sulphate  arrd  a sixth  of  this  weight  of  sulphuric 

* Tire  name  persulphate  cannot  now  be  applied  consistently  to  this 
substance.  The  p(trm/j>lialex  form  a definite  series  of  salts  derived  from 
persiilphuric  acid,  H2S.P9  {see  Iiidcxl.  Ferric  sulphate  is  simply  lire 
srdjrhate  corresponding'to  the  Iiigher  basic  oxide  of  iron— ferric  oxide. 
Fe.^Oa,  formerly  called  sesquioxide,  and  sometimes  peroxide,  of  iron, 
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acid  in  an  ounce  and  a half  of  water  in  an  evaporating-dish, 
heating  the  mixture  and  dropping  in  nitric  acid  until  the 
black  colour  at  first  produced,  disappears.  The  resulting 
licjuid,  when  made  of  a certain  prescribed  strength,  is  solution 
of  ferric  sulphate  (^Liquor  Fan  Persulp/uilis,  11.  P.),  a heavy, 
dark-red  licpiid. 

GFeSO,  + 3H,SO,  + 2HNCX  = 3Fe,(SO,)3  + 2NO  + 111,0 

Ferrous  Hiiliiliurio  Xitrio  Ferric  Nitric.  Watiu' 

sulpliate  acid  acid  sulpliatc  oxiiU) 

The  black  colour,  as  in  experiment  9,  is  due  to  the  forma- 
tion of  a compound  by  the  interaction  of  ferrous  salt  with 
nitric  oxide. 

The  official  solution  of  ferric  sulphate  is  made  by  adding 
6 fluid  drachms  of  sulphuric  acid  to  half  a pint  of  water, 
warming,  dissolving  8 ounces  of  crystallized  ferrous  sulphate 
in  the  liquid,  then  pouring  it  into  nitric  acid  (6  fluid  drachms 
or  rather  more)  slightly  diluted,  until  ruddy  nitrous  vapours 
are  no  longer  produced,  and  the  licjuid  has  acquired  a reddish 
colour.  I’he  whole  should  measure  11  fluid  ounces,  being 
diluted  or  further  evaj)orated,  as  the  case  may  be,  to  this 
volume. 

Ferric  Hydroxide  and  Ferric  Oxyhydroxide 

F..vpaimait  11. — Pour  a j)ortion  of  the  solution  of  ferrie 
sulphate  into  excess  of  solution  of  caustic  soda  ; ferric  hy- 
droxide, Fe(OII),^  is  j)reeij)itated.  Wash  the  precipitate  by 
decantation  or  on  a filter,  and  dry  it  on  a water-bath  ; ferric 
oxyhydroxide,  FeO(OIi),  remains. 

Fe,(SO,)3  -f  GNaOH  = 2Fe(()H)3  + 3Na,S(), 

Ferric  Caustic  Ferric  So<iium 

sulpliate  soda  liydro.xidc  sulpliate 

Fe(()H)^j  - FeO(OH)  + 11,0 

Ferric  liydroxidi'  Ferric  oxyliyilroxido  Water 

Fither  of  the  other  alkalies  (caustic  potash  or  ammonia) 
would  jiroduce  a similar  reaction. 

Ferric  liijdro.iidc  is  (in  aididole  in  cases  of  arsenical  [loisoning, 
if  administered  directly  alter  the  jioison  has  been  taken.  It 
converts  the  soluble  arsenious  acid,  1 l^yXsO.,,  into  insoluble 
ferrous  arsenate  : — 

I Fe(( ) II),  -F  2 1 1 , As(  >3  r-  Fe3(.'\s( ) ,),  + 8 11,0  | l'c(0 1 1)., 
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Ferric  hydroxide  becomes  converted  into  oxy hydroxide, 
when  dried,  and  lias  then  less  action  on  the  arsenious  acid. 
F2ven  the  moist  recently  prepared  hydroxide  loses  much  of  its 
action  as  soon  as  it  has  changed  into  one  of  the  oxyhydroxides, 
Fe, 03(011), „ a change  whicli  will  occur  though  the  hydroxide 
he  kept  under  water  (W.  Procter,  jun.).  According  to  T. 
and  FI.  Smith,  this  decomposition  occurs  gradually,  but  in  an 
increasing  ratio  ; so  that  after  four  months  the  power  of  the 
moist  mass  is  reduced  to  one-half,  and  after  live  months  to 
one-fourth. 

A ferric  oxycarbhydroxidc,  Fe,()C03(()H)g,  has  been 
obtained. 

Ferric  Oxide.  (Iron  Sesquioxide  or  Peroxide) 

Ferrie  oxyhydroxide,  FeO(OH),  decomposes  when  heated 
to  low  redness,  ferric  oxide,  Fe„().,,  remaining. 

2Fe()(()II)  = Fep..,-fII/) 

Experinieut  1 2. — Roast  a crystal  or  two  of  ferrous  sulphate, 
mixed  with  a small  (juantity  of  sul])hur  to  aid  the  reduction, 
in  a small  crucible  until  fumes  are  no  longer  evolved  ; the 
residue  is  a variety  of  ferric  oxide,  known  in  trade  as  red 
oxide  of  iron,  eolcolhnr,  crocus,  mineral  rouge,  Ycnelian  red,  etc. 
It  has  sometimes  been  used  in  pharmacy  in  mistake  for  the 
oxyhydroxides,  from  which  it  differs  not  only  in  composition 
but  in  the  important  respect  of  being  almost  insoluble  in 
acids. 

Ferric  Acetate.  Iron  Acetate 

Experimenl  13. — Digest  recently-prepared,  washed,  and 
drained  ferric  hydroxide  in  glacial  acetic  acid  ; ferric  acetate, 
F'e(C2HgOJg,  is  produced  : — 

Fe(OH)g  -1-  3HC.2H3O2  = Fe(C.,Hg02)g  -L  3II2O 

Eerric  hydroxMo  Acetic  acid  Ferric  acetate  Water 

When  the  ferric  hydroxide  of  this  reaction  is  prepared 
from  2^  fluid  ounces  of  the  official  solution  of  ferric  sulphate 
(]).  17f),  and  is  di.ssolved  in  11.  fluid  ounces  of  liquefied 
glacial  ficetic  acid,  the  whole  being  diluted  with  wiitcr  to  20 
fluid  ounces,  the  product  is  Lipnor  Eerri  Acetalis,  11. P. 
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The  “ Scale  ” Compounds  of  Iron 

Kvpcriwcnt  14. — Repeat  experiment  1 1,  introducing  some 
solution  of  citrie  or  tartaric  acid  or  of  acid  potassium  tartrate 
into  the  ferric  sulphate  solution  before  adding  it  to  the  alkali 
(caustic  soda,  caustic  potash,  or  ammonia),  and  notice  that 
now  no  precijntation  of  ferric  hydroxide  occurs.  The  non- 
production  of  precipitates  is  due  to  the  formation  of  double 
compounds,  which  remain  in  solution  along  with  alkali-metal 
sulphate.  Such  ferric  compounds,  made  by  mixing  certain 
jirescribed  proportions  of  recently  prepared  ferric  hydroxide 
(from  which  all  soluble  sulphate  has  been  removed  by  wash- 
ing), with  the  respective  acids  (tartaric  or  citric)  or  acid  salts 
(acid  j)otassium  tartrate),  etc.,  evaporating  the  solutions  to 
a .syru{)v  consistence  and  then  spreading  on  smooth  j>lates 
to  dry,  form  scale  j>reparations  such  as  Fcrri  el  Avnnonii  Vitra.s, 
R.P.,  and  Ferntm  Tartcimtum,  B.P.  A mixture  of  ferric  citrate 
with  ammonium  citrate  and  quinine  citrate  yields,  by  similar 
treatment,  the  well-known  scales  of  Ferri  el  QimiiiKV.  (liras , B.P. 

Specimens  of  these  substances  may  be  pre])ared  by  attend- 
ing to  the  following  details.  It  is  essential,  first,  that  the 
ferric  hydroxide  be  thoroughly  washed,  or  an  insoluble 
oxysulphate  will  be  formed  ; secondly,  that  the  ferric  hydrox- 
ide be  raj)idly  washed,  or  an  insoluble  ferric  oxyhydroxide 
will  be  produced  ; thirdly,  that  the  whole  o])eration  be  con- 
ducted (juickly,  or  reduction  to  green  ferrous  salt  will  occur; 
fourthl}-,  that  the  solutions  of  the  salts  be  not  evajiorated  at 
a higher  temperature  than  that  .stated  in  the  official  direc- 
tions, or  decomposition  will  take  place  ; and,  fifthly,  that 
exce.ss  of  ferric  hydroxide  be  employed. 

In  the  f)harmacop(cial  j)rocesses  for  the  three  scale  eom- 
pound.s,  the  ferric  hydroxide  is  in  each  ca.se  freshly  made 
from  sf)lution  of  ferric  sul])hate  by  prcci])itation  with  solution 
I of  ammonia: 

Fe,_(S(),),,  + GNH.  + GIPO  = 21’e(()ll),  -|  ;!(Nn,).S(), 

Anmioni.T  F»‘rric  Ajiinn>nnim 

watffr  hyflroxi'It* 

the  solution  of  ferric  sulphate  being  made  of  a definite  con- 
centration from  a known  weight  of  ferrous  sulj)hatc.  The 
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reason  tor  adopting  this  course  is,  that  ferric  hydroxide 
cannot  be  dried  without  decomposing  and  becoming  insoluble 
as  exjilained  on  p.  172,  and  therefore  eannot  be  weighed. 
This  definite  solution  of  ferric  sulphate  {Lujiior  Fcrri  Pcr- 
xiilpliatis,  B.P.)  is  made  as  already  described. 

I'erri.  cl  Ammonii  CAlrns,  B.P. — Ferric  hydroxide  is  dissolved 
in  solution  of  citric  acid,  solution  of  ammonia  added,  and  the 
wliole  evaporated  to  dryness. 

To  jirejiare  the  ferric  iiydroxide,  dilute  10  fluid  ounces  of 
the  above  solution  of  ferric  sul]>hate  with  about  a quart  of 
water ; ])oiir  this  into  2 joints  of  water  containing  excess  of 
solution  of  ammonia.  (If  the  opposite  course  were  adoj)ted 
— the  alkaline  licpiid  ])ourcd  into  the  ferric  solution — the 
preci])itate  would  contain  ferric  oxysulphate,  or  hydroxy- 
siiljdiate,  which  interferes  with  the  brilliancy  of  the  scales.) 
Thoroughly  stir  the  mixture  (it  will  smell  strongly  of  am- 
monia if  enough  of  the  latter  has  been  used),  allow  the  pre- 
cipitate to  subside,  pour  away  the  su])crnatant  liquid,  add 
more  water,  and  rejieat  the  washing  until  a white  jweeipitate 
of  barium  suljjhate  is  no  longer  jn-cxluced  on  the  addition  of 
solution  of  barium  chloride  or  nitrate  to  a little  of  the  wash- 
ings. Collect  the  ferric  hydroxide  on  a filter,  drain,  and 
add  it,  while  .still  moi.st,  to  a solution  of  4 ounces  of  citric 
acid  iji  4 of  water,  placed  in  an  evaporating-basin  on  a 
water-bath  ; stir  frecpiently,  until  nearly  the  whole  of  the 
hydroxide  has  dissolved,  or  until  the  acid  is  fully  saturated 
with  the  h}^droxide  and  .some  of  the  latter  remahis  undis- 
solved. 4’o  the  mixture,  when  cold,  add  fluid  ounces  of 
solution  of  ammonia,  filter,  evaporate  on  a water-bath  to  the 
consistence  of  s}'rup,  spread  thinly  on  sheets  of  glass,  and 
dry  (at  a temperature  not  exceeding  100°  F.,  .37'8°  C.).  'J’he 
product  scales  off  the  glass  in  deejj-red  transparent  lamina;. 

Note. — The  chemical  comj)osition  of  iron  and  ammonium 
citrate  is  approximately  FeO(NH Compounds 
which  exhibit  an  analogy  in  composition  are  found  in  bis- 
muth and  ammonium  citrate,  BiO(NlI,).jC|;M^^()p  and  anti- 
mony and  potassium  tartrate,  SbOKCjFIjO,.. 

Fcrri  el  (Fdnina’.  Cilras,  B.P. — Ferric  hydro.xidc  and  pure 
(]uinine  are  dissolved  in  solution  of  citric  acid,  solution  of 
ammonia  added,  and  the  whole  evajiorated  to  dryne.ss.  The 
product  contains  ferric  citrate,  quinine  citrate,  and  ammonium 
citr.'itc. 
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The  ferric  hydroxide  is  obtained  from  9 Huid  ounces  of 
the  solution  of  ferric  sulphate,  with  all  the  j)recautions  de- 
scribed under  Ferri  el  Avimonii  Cilrcix,  a proportionate  quantity 
of  solution  of  ammonia  being  employed. 

While  the  ferric  hydroxide  is  being  washed,  prepare  the 
cjuinine  by  dissolving  2 ounces  of  quinine  sulphate  in 
16  ounces  of  distilled  water,  acidulated  with  sufficient 
sulj)huric  acid  to  dissolve  the  sulphate  (about  .3  fluid 
ounces  of  the  official  “diluted  sulphuric  acid”),  and  to  the 
clear  liquid  add  solution  of  ammonia,  well  mixing  the  product 
l)y  stirring,  until  the  whole  of  the  quinine  is  precipitated 
^this  is  the  case  when  the  mixture,  after  thorough  agitation, 
smells  of  ammonia).  Collect  the  precipitate  on  a filter,  let 
it  drain,  and  wash  away  adhering  solution  of  ammonium  sul- 
pha ;e  by  passing  through  it  about  three  pints  of  distilled 
Avater. 

The  ferric  hydroxide  and  quinine  being  now  washed  and 
drained,  dissolve  the  former,  and  afterwards  the  latter,  in  a 
•solution  of  6 ounces  and  60  grains  of  citric  acid  in  an  ecjual 
'weight  of  distilled  water,  the  acid  liquid  being  warmed  on 
a water-bath,  and  portions  of  the  jirecipitates  stirred  in  as 
fast  as  solution  is  effected.  “ Let  the  solution  cool;  add,  in 
small  quantities  at  a time,  3 fluid  ounces  of  solution  of 
ammonia,  diluted  with  4 fluid  ounces  of  distilled  water;  stir 
briskly,  allowing  the  cpiinine  which  separates  with  each 
.addition  of  ammonia  to  dissolve  before  the  next  addition  is 
made;  filter  the  solution  ; evaj)orate  it  to  the  consi.stence  of 
.a  thin  syruj) ; dry  the  latter  in  thin  layers  on  flat  jiorcelain 
<or  glass  j)lates  at  a temjierature  of  100“  F.  (37'8°  C.)  ; remove 
the  dry  scales  of  Iron  and  (Quinine  Citrate.” 

Ferri  d Sln/rluiiiKt;  Citra.s  is  included  in  the  United  Stales 
PharmacojKcia. 

Ferrum  Tarlaralitm,  B.P.  {Ferri  e!  Pola.mi  Tadras,  LbS.P.) 
— I* erric  hydroxide  is  dissolved  in  solution  of  acid  ])otassium 
tartrate,  aTid  the  whole  evaporated  tf)  drjmess. 

I The  fer  ric  hydroxide  obtainable  fi'om  10  fluid  ounees  of 
t the  official  solution  of  feri'ie  sulphate  by  the  action  of  am- 
t monia,  in  the  mannei'  detailed  under  Ferri  el  .Inimoiiii  Cilras, 

'■  is  mixed  (in  a porcelain  dish),  while  still  moist  but  well  drained, 
with  3 ounces  and  146  grains  of  acid  j)otassium  tartrate. 
The  whole  is  set  aside  for  about  twenty-four  hours,  and  then 
healed  on  a water- bath  to  a tempei'alure  not  exceeding  110'’  F. 
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(60°  C.)  ; H j)int  and  a half  of  distilled  water  is  then  added, 
and  the  mixture  is  kept  warm  until  nothing  more  will  dis- 
solve, filtered,  evaporated  at  a temperature  not  exceeding 
140°  F.  (60°  C.)  (greater  heat  causes  decomposition),  and  when 
the  mixture  has  the  consistence  of  s)n’up,  spread  on  sheets  of 
glass  and  allowed  to  dry  (in  any  warm  and  open  place  at  a 
temperature  not  exceeding  100°  F.,  37-8°  C.).  The  dry  salt 
is  thus  obtained  in  scales.  It  should  be  kept  in  well-closed 
bottles. 

'I’lie  foregoing  are  the  official  (B.F.)  scale  preparations  of 
iron.  Many  otliers  of  similar  character  might  be  formed.  Few 
of  them  crystallize  or  give  other  indications  of  definite  chemi- 
cal composition.  Their  jwoperties  are  onlj'  constant  so  long  as 
they  are  made  with  unvarying  proportions  of  the  constituents. 
A crystalline  _/«To//.v  larlrate,  FeC,H^(),.,  and  an  acid  ferrous 
rllrale,  FcMC|.Hj()y,  H^O,  have  been  obtained  by  the  interac- 
tion of  iron  and  the  respective  acids  in  hot  water.  They  occur 
as  white  gritty  masses  of  microscojiic  ciystals.  A sodio- ferrous 
cilrale,  FeNaC,.Ug()-,  and  /lydroxijcilrale,  FeOHNa.jCj.HgOp 
may  be  obtained  in  scales.  In  the  United  States  Pharma- 
copoeia Ferri  Cilras  and  Ferri  cl  Avnuouii  Tarlrns  are  included. 
'I’he  former  dissolves  slowly  in  cold,  but  readily  in  warm  water. 
Ferric  pliosjtliale,  FePO,,,  when  freshly  precipitated,  is  soluble 
in  solutions  of  citrates  of  the  alkali-metals,  and  the  solutions 
on  evaporation  on  glass  plates  yield  scales.  Ferri  Fpro- 
phosphas  Soluhilis  is  also  included  in  the  U.S.P. 

Wine  of  iron,  or  “Steel”  wine  (^Vinum  Ferri,  B.P.),  made 
by  digesting  iron  wire  in  sherry  wine,  ])robably  contains  a 
little  iron  and  potassium  tartrate  and  other  iron  salts,  formed 
by  action  of  the  metal  on  the  small  quantities  of  acid  potas- 
sium tartrate  and  tartaric,  citric,  malic,  and  acetic  acids  j^resent 
in  the  wine.  Vinuin  Ferri  Cilralis,  B.P.,  is  a solution  of  iron  and 
ammonium  citrate  in  orange  wine. 

Ferric  Nitrate.  (Iron  Pernitrate) 

Krperhnenl  15. — Place  a few  iron  tacks  in  dilute  nitric  acid 
and  .set  aside;  .solution  of  ferric  nitrate,  Fc(N03).,,  is  formed. 

Fe  -t-  4HNO3  = Fe(NO.,)3  -t-  2H.,0  + NO 

Iron  Nitric  aciil  Nerric  nitrate  Water  Nitric  oxide 

'I’liis  solution  made  with  care  and  of  a ])rescribed  .strength, 
forms  Liquor  Ferri  Peruilralis,  B.  P.  The  jiroccss  is  as  follows  : 


IRON 


17V 

— 4.',  Huid  ounces  of  nitric  acid  are  diluted  with  IG  ounces  of 
distilled  water,  and  1 ounce  of  iron  wire,  free  from  rust,  is 
dissolved  in  the  mixture,  the  latter  being  kept  cool  to  moder- 
I ate  the  action.  The  liquid  is  filtered  and  diluted  to  30  fluid 
I ounces. 

Ferric  nitrate  and  ferric  acetate  unite  to  form  various 
acetonitrates,  amongst  which  is  one  having  the  formula 
I Fe.,(C.,H30.,)^N030H,  4FI.,Oj  and  crystallizing  in  hard,  shining 
brownish-red  prisms. 


Reduced  Iron 

E.rpcrimenl  16. — Pass  pure  hydrogen  (which  has  been  dried 
by  passing  it  over  pieces  of  calcium  chloride  contained  in  a 
tube  or  through  sulphuric  acid  in  a wash-bottle)  over  a small 
quantity  of  ferric  oxide,  Fe.O^,  or  ferric  oxy hydroxide, 
FeO(OH),  contained  in  a tube  placed  horizontally,  the  jiowder 
being  kept  hot  by  a gas-flame ; oxygen  is  removed  by  the 
hydrogen,  steam  escajies  at  the  open  end  of  the  tube,  and 


Kro.  32.— Proiiaratirm  of  lli'tluci'd  Iron. 

after  a short  time,  when  moisture  ceases  to  be  evolved, 
metallic  iron,  in  a state  of  fine  division,  remains.  (.SV'c 
fig.  32.) 

2Fe()(()H)  + 3H,  = 2Fe  -f  4H.,0 

Fi'n-ic  oxyhyilroxidi-  IlydrOKmi  Iron  Wiilnr 

VV  bile  still  hot,  throw  the  iron  out  into  the  air;  it  takes  fire 
I and  falls  to  the  ground  as  magnetic  oxide,  Fe^O,. 

1 .M 


I 
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It  ferric  oxide  is  reduced  in  a strongly-lieated  iron  tube 
in  a furnace,  the  particles  of  iron  aggregate  to  some  extent, 
and,  when  cold,  are  only  slowly  oxidized  in  dry  air.  This  latter 
form  of  reduced  iron  is  Fcr  red  nil,  or  Quevenne  s Iron,  the  Ferri 
pu/vix,  or  Ferrtim  Redachtw,  B.P. — ‘‘a  fine  greyish-black  powder, 
strongly  attracted  by  the  magnet,  and  producing  metallic 
streaks  when  rubbed  with  firm  pressure  in  a mortar.”  It  is 
often  administered  in  the  form  of  a lozenge  (Troc/iiscus  Fari 
Jtedacii,  H.P.),  gum  and  sugar  protecting  the  iron  from  oxida- 
tion as  w'ell  as  forming  a vehicle  for  its  administration. 

Nolc  1. — The  spontaneous  ignition  of  the  iron  in  the 
above  experinumt  is  an  illustration  of  the  influence  of  minute 
division  on  the.  occurrence  of  chemical  change.  The  action  is 
the  .same  as  that  which  occurs  when  iron  wire  burns  (as  it 
does  with  great  brilliancy)  in  oxygen.  The  surface  exposed 
to  the  action  of  the  oxygen  of  the  air  i.s,  in  the  case  of  this 
variety  of  reduced  iron,  so  enormous  compared  with  the 
weight  of  the  iron,  that  the  heat  is  not  conducted  away  suffi- 
ciently fast  to  prevent  elevation  of  temperature  to  a point  at 
which  the  whole  becomes  incandescent.  The  mixture  of  lead 
and  carbon  (lead  pyrophorus)  resulting  when  lead  tartrate  is 
carefully  heated  in  a te.st-tube  until  fumes  cease  to  be  evolved, 
spontaneously  ignites  when  thrown  into  the  air,  and  for  the 
same  reason.  Many  substances,  solid  and  liejuid,  if  liable  to 
oxidation,  and  sufficiently  finely  divided,  and  especially  if  ex- 
posed in  a warm  place,  become  hot  and  even  occasionally 
burst  into  flame  spontaneously.  Oil  on  cotton  waste, 
jmwdered  charcoal,  coal  (especially  if  pyritic,  porous,  or 
powdered),  resins  in  powder,  and  even  flour  and  hay,  are 
familiar  illustrations  of  materials  liable  to  “heat,”  char,  or 
even  burn  spontaneously. 

Note  2. — The  student  who  has  time  and  opjiortunity  to  do 
so,  is  advised  to  carry  out  experiment  IG,  as  a roughly  (pianti- 
tative  one,  by  way  of  realizing  what  has  already  been  stated 
(see  Laws  of  Chemical  Combinaiion,  pp.  42,  43),  with  respect  to 
chemical  actions,  that  they  take  place  between  definite 
weights  only  of  matter.  Three  tube.s,  similar  to  the  oxide 
tube  shown  in  fig.  32  (or  three  U tubes),  should  be  jn’cparcd, 
the  second  being  connected  to  the  first,  and  the  third  to  the 
second,  in  the  usual  manner,  by  means  of  indiarubber  tubing. 
The  first  tube  should  contain  pieces  of  calcium  chloride  to 
absorb  any  traces  of  moisture  not  retained  by  the  sulphuric 


FERROUS  SALTS 


179 


acid.  The  second  tube  (the  ends  of  the  small  tube  being 
temporarily  closed  by  small  corks)  should  be  weighed  in  a 
balance  which  will  turn  with  a quarter  of  or  half  a grain,  and, 
the  weight  having  been  noted,  159  grains  of  dry  ferric  oxide 
should  be  neatly  placed  in  the  middle  of  the  tube.  (The 
i oxide,  before  being  weighed  must  be  heated  in  a small 
i crucible  over  a Bunsen  flame  to  convert  any  ferric  oxy- 
I hydroxide  into  ferric  oxide,  and  to  remove  all  traces  of 
moisture.)  The  third  tube  should  contain  pieces  of  calcium 
chloride  to  absorb  the  water  produced  in  the  reaction,  and 
should  be  weighed  just  before  being  connected.  The  opera- 
tion is  now  carried  out.  At  its  close,  and  when  the  middle 
tube  is  cold,  the  latter  and  the  third  tube  are  again  weighed. 
The  oxide  tube  should  weigh  nearly  48  (47'64)  grains  less 
than  before,  and  the  calcium  chloride  tube  nearly  54  (53'G4) 
grains  more  than  before. 

Fe.,03  + 3H,  = 2Fe  + 3H/) 

(111-2 + 47-64)  4-  6 = 111-2  + 53-W 

The  operation  is  completed  more  quickly  if  one-half  or  one- 
fourth  of  the  weight  of  oxide  be  taken  ; in  that  case  one-half 
or  one-fourth  of  the  weights  of  iron  and  of  water  will  be 
obtained.  Indeed  any  weight  of  oxide  may  be  employed  ; 
the  amount  of  iron  and  water  resulting  will  be  ahcaiis  exacUij 
proportionate  to  the  weights  just  mentioned,  provided  the  whole 
of  the  ferric  oxide  is  reduced  to  iron. 

Analytical  Rcaction.s  of  Iron  Salts. 

Reactions  of  Ferrous  Salts. 

1.  Pass  hydrogen  sulj)hide,  H.^S,  through  a solution  of  a 
ferrous  salt  (c.g.,  ferrous  sulphate)  slightly  acidulated  witli 
hydrochloric  acid;  no  precij)itate  is  produced.  This  is  a 
valuable  negative  fact,  as  will  be  evident  presently. 

2.  Add  ammonium  Iiydrosulphide,  NII,SFI,  to  solution  of 
a ferrous  salt;  a black  precipitate  of  ferrous  sidphide,  FeS, 
is  j)i-oduced. 

FeSO,  + 2N  H,,SM  = FeS  + (NH  J.SO,  + IRS 

3.  Add  solution  of  potassium  ferrocyanide  (yellow  j)rus- 
siate  of  potash),  K,I'eC,;N,.,  to  a solution  of  a ferrous  salt;  a 
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pale  blue  precipitate  is  produced,  which  rapidly  becomes 
darker  blue  owing  to  absorption  of  oxygen  and  conversion 
into  Prussian  blue.  (See  p.  181.) 

4.  'I’o  a solution  of  a ferrous  salt  add  potassium  ferricyanide 
(red  prussiate  of  potash),  K^FeCjjNj. ; a dark  blue  precipitate 
is  produced  of  Turnbull’s  blue,  resembling  Prussian  blue.* 

Ol/ier  Aiiali/Hcal  Reactions. — The  precipitates  produced 
from  ferrous  solutions  on  the  addition  of  alkali-metal  car- 
bonate.s,  phosphates,  and  arsenates,  as  already  described  in 
tlie  exj)eriinents  dealing  with  the  preparation  of  the  corres- 
I)onding  ferrous  salts,  are  characteristic,  and  hence  have  a 
certain  amount  of  analytical  interest,  but  are  inferior  in  this 
respect  to  the  four  reactions  above  mentioned. 

A'ole. — Solution  of  ammonia,  and  solutions  of  caustic 
j)otash  and  soda  in  presence  of  ammonium  salts,  are  incomplete 
precipitants  of  ferrous  salts.  'J'o  a solution  of  a ferrous  salt 
add  ammonia ; on  filtering  off  the  whitish  ferrous  hydroxide, 
and  testing  the  filtrate  with  ammonium  hydrosulphide,  iron 
will  still  be  found  in  solution.  To  another  j)ortion  of  the 
ferrous  solution  add  a few  drops  of  nitric  acid,  or  excess  of 
chlorine  water,  and  boil  ; this  converts  the  ferrous  into  ferric 
salt,  and  alkalies,  including  ammonia,  will  now  precipitate  the 
iron  comjdetely  as  ferric  hydroxide. 

In  actual  ana]}'si.s,  the  separation  of  iron  as  ferric  hydroxide 
is  an  operation  of  frequent  jierformance.  This  is  always 
accomplished  by  the  addition  of  alkali  after  (if  the  iron  occurs 
as  a ferrous  salt)  previous  ebullition  with  a little  nitric  acid. 
Potassium  ferrocyanide  and  ferricyanide  are  the  reagents 
most  commonly  used  in  distinguishing  ferrous  from  ferric 
salts. 


Reactions  of  Ferric  Salts. 

1.  Through  a solution  of  a ferric  salt  (c.g.,  ferric  chloride) 
pass  hydrogen  sulphide  ; a white  precipitate  of  sulphur 
(from  the  hydrogen  sulphide),  is  produced.  The  ferric 

* Cyanogen  (CN',  or  Cy'),  ferrotwanogen  (FeC„N„"",  or  FeCy/'") 
and  ferricyanogen  (FeC„N„"',  or  FeCy„"')  arc  radicals  which  play  the 
j)art  of  non-nietallic  elements,  just  as  annnonium  in  its  chemical  rela- 
tions resembles  the  metallic  elements.  They  will  be  referred  to  again. 
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salt  is  simultaneously  converted  into  a ferrous  salt,  the  latter 
remaining  in  solution.  This  reaction  is  of  fi’equent  occur- 
rence in  analysis  2FeCl3+  H,S  = 2FeCL  + 2HC1  + S. 

2.  Add  ammonium  hydrosulphide  to  a solution  of  a ferriq 
salt ; the  latter  is  reduced  to  the  ferrous  state,  and  a black 
substance  (ferrous  sulphide,  FeS)  is  precipitated,  as  in  the 
second  analj’tical  reaction  of  ferrous  salts,  sulphur  being  set 
free. 

3.  To  a solution  of  a ferric  salt  add  potassium  ferro- 
cyanide,  K^FeC^.N^;  a precipitate  of  Prussian  blue  (the  well- 
known  pigment),  is  produced. 

1.  To  a solution  of  a ferric  salt  add  potassium  ferri- 
cyanide  ; no  precipitate  is  produced,  but  the  liquid  assumes  a 
dark  brownish  red  colour  (or  a greenish  or  olive  hue  if  the 
salts  are  not  quite  pure). 

5.  Add  caustic  potash,  caustic  soda,  or  ammonia  to  a 
solution  of  a ferric  salt ; a reddish-brown  precipitate  of  ferric 
hydroxide,  Fe(()H)3,  is  produced  (compare  experiment  11, 
p.  171). 

Other  Analfilical  Reactions. — Some  of  these  have  occasional 
interest.  In  neutral  ferric  solutions  the  tannic  acid  in 
aqueous  infusion  of  galls  occasions  a bluish-black  inky  pre- 
cipitate, the  basis  ot  most  black  writing-inks.  — Potassium 
thiocyanate,  KSCN,  causes  the  formation  of  ferric  thio- 
I cyanate,  which  is  of  a deej)  blood-red  colour.  The  colour 
( disaj)pears  on  the  addition  of  mercuric  chloride. 

1 here  is  no  normal  ferric  carbonate  ; alkali-metal  cai'hon- 
i ates  cause  the  precipitation  of  ferric  hydroxycarhonate 
' whilst  carbonic  anhydride  exscapes. 


QUE.STIONS  AND  EXKUCISKS 

Name  the  chief  ores  of  iron.  — I low  is  the  metal  ol)tained  from  the 
ores  -VV  hat  is  the  chemical  (lifTercnce  between  cast-iron,  wrought- 
iron,  and  steel:-'— Explain  the  process  of  “ welding.”-  What  is  (he 
nature  of  chalybeate  waters  i-" — Illustrate  by  formula;  the  dilference 
I between  ferrous  and  ferric  salts. — Write  a jiaragraph  on  the  nomen- 
clature of  iron  salts. — Give  a diagram  of  tlie  process  for  the  |>re]iar- 
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ation  of  ferrous  sulphate.— In  what  respeets  do  the  offieial  Ferrous 
Sulpliate  and  Exsiecated  Ferrous  Sulphate  differ? — How  is  ferrous 
sulphate  obtained  on  the  large  seale  ? — Give  the  ehemieal  names  of 
white,  green,  and  blue  vitriols. — Why  does  ferrous  sulphate  become 
brown  on  exposure  to  air? — Represent  by  an  equation  the  formation 
of  Ferrous  Carbonate. — Describe  the  action  of  atmospheric  ox3'^gen 
on  ferrous  carbonate  ; can  the  cfTcct  be  prevented  ? — In  what  order 
would  you  mix  the  ingredients  of  Mistura  Ferri  Composita,  and 
why? — Write  out  an  equation  illustrative  of  the  formation  of  the 
official  Iron  Phosphate. — Why  is  sodium  bicarbonate  used  in  the 
])rcparation  of  ferrous  phosphate?  — Name  four  iron  compounds 
whieli  may  be  formed  by  the  direct  union  of  their  elements. — Give 
the  oflicial  method  for  tlie  preparation  of  Solution  of  Ferric  Chloride. 
— Mow  may  Ferrous  be  converted  into  Ferric  Sulphate? — What  is  the 
formula  of  Ferric  Acetfitc,  and  how  is  it  prepared  for  use  in  phar- 
jiiacy? — How  docs  Ferric  Hydroxide  act  as  an  antidote  in  arsenical 
j)oisoning?  — Wliat  are  the  ])ropertics  of  ferric  oxide?  — What  are 
tlie  general  eliaractcrs  and  mode  of  production  of  the  medicinal 
scale  preparations  of  iron? — In  what  state  is  the  iron  in  Vinum 
Fe.rri,  B.P.  ? — What  other  form  of  Iron  Wine  is  official? — Give  a 
diagram  showing  the  formation  of  Ferric  Nitrate. — Calculate  how 
much  ferric  oxide  will  yield,  theoretically,  one  hundredweight  of  iron. 
Ans.,  1()0  lbs.,  approximately. — Describe  the  action  of  each  of  the 
following  reagents  on  solutions  of  iron  salts,  distinguishing  between 
ferrous  and  ferric  reactions,  and  illustrating  each  of  the  reactions 
by  an  equation  : — a.  Ammonium  hydrosulphidc.  /;.  Potassium  ferro- 
cyanidc.  c.  Potassium  ferricyanide.  <1.  Caustic  Alkalies,  e.  Potas- 
sium thiocyanate. — Describe  the  action  of  ammonia  on  salts  of  iron, 
aluminium,  and  zinc  respectively. 


CHROMIUM:  Cr.  Atomic  weight,  51-74 

Occurrence. — 'I'he  chief  ore  of  chromium  is  ciirome  iron- 
stone, l''eO,Cr„0.j,  chromile,  occurring  cliiefly  in  the  United 
States  and  in  Sw'eden.  Tlie  metal  may  be  isolated  by  the 
action  of  aluminium  on  chromic  oxide,  Cr^Og,  at  a verj^  high 
temperature. 

Chromium  forms  sets  of  salts  corresjionding  to  chromous 
and  chromic  oxides,  CrO  and  Cr.iOg  respectively,  but  the 
chromous  salts  are  exceedingly  readily  converted  bj^  processes 
of  oxidation  into  chromic  salts,  and  can  only  be  jirepared  and 
preserved  with  difficulty.  The  ordinary  salts  in  Avhich 
chromium  plays  the  jiart  of  the  metallic  radical,  arc  the 
chromic  salts,  such  as  chromic  chloride,  CrCl., ; chromic 
sulphate,  Cr.^SOJ., ; etc.  Chromium  also  forms  an  acid 
anhydride,  chromic  (Dilijjdride,  CrOjj,  and  the  best  known 
chromium  compounds— the  chromates  (c.g.,  potassium  chrom- 
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ale,  K.,CrOJ,  and  the  bichromates  or  anhydrochromates 
{e.g.,  potassium  bichromate,  K.,Cr()^,Cr03  or  K^jCr^CX)  in 
which  the  chromium  forms  a part  of  the  complex  acid  radicals 
CrO/'  and  Cr.,0-" — are  referred  to  the  unknown  chromic  acid 
[HoCrOJ  and  anhydrochromic  acid  [H.,Cr.,0^],  corresponding 
to  this  anhydride.  Most  of  the  commoner  chromium  com- 
pounds are  obtained  from  potassium  bichromate. 

Preparation  of  Potassium  Bichromate. — On  roasting  powdered 
chrome  iron  ore  with  potassium  carbonate  and  nitrate,  j'ellow 
potassium  chromate,  K.,CrO^,  is  obtained  ; the  mas.s,  treated 
with  acid,  yields  red  potassium  bichromate,  lv3Cr0_j,Cr03,  or 
K^Cr^O-  [Potas.ni  Bichromas,  B.P.)  : — 

2K,CrO^  + 2HC1  = K.^Cr/)-  + 2KC1  + H.O 

From  this,  other  chromates  are  prepared,  and,  by  reduction, 
as  presently  explained,  the  chromic  salts. 

Heated  strongly  in  a crucible,  potassium  bichromate 
splits  up  into  potassium  chromate,  glistening  green  chromic 
oxide,  and  oxygen,  4KoCr.,0-  = 4K„CrOj  -f  201-303  + 
Ammonium  bichromate,  when  heated  yields  several  times  its 
volume  of  bluish-green  chromic  oxide,  w-ater,  and  nitrogen. 
(NH  J.^Cr^O- = Cr.jOg -(- 4H3O  + N3.  The  yellow  and  orange 
lead  chromates  (lead  chromate,  PbCrOp  and  basic  lead 
chromate,  Pb^OCrO,),  are  used  as  pigments. 

Potassium  Chromate. — The  normal  or  yellow  potassium 
chromate  is  obtained  on  adding  potassium  bicarbonate,  200 
grains,  in  .small  quantities  at  a time,  to  a hot  solution  of  the 
bichromate,  about  295  grains,  until  effervescence  ceases. 

KXr,/)^  + 2KI1C()3  = 2K3('r()j  + 2CO.,  + H.,() 

For  analytical  pur|)oses  solution  oi  n normal  chromate  in  still 
more  readily  jirepared  by  simply  adding  solution  of  ammonia 
to  a .solution  of  jiotassium  bichromate,  until  the  liipiid  turns 
yellow  and,  after  stirring,  smells  of  ammonia. 

K3Cr30,  + 2N  11,011  . K.,Cr(),  + (NHl  J.CrO,  + 1 FO 

( onvcrsion  oj  a chromate  (in  which  chromium  forms  part  of  an 
acid  radicaf  into  chromic  salt  (in  which  chromium  is  the  metallic 
radical). — I hrough  an  acidulated  solution  of  potassium  bi- 
chromate pass  hydrogen  sulphide  : sulphur  is  deposited,  and  a 
green  chromic  salt  remains  in  solution — chromic  chloride, 
C rCl„,  if  hydrfM-hloric  acid  be  used,  ;ind  suli)hale,  Cr  .(SO,).,, 
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if  sulphuric  be  the  acid  employed.  Boil  the  liquid  to  expel 
excess  of  liydrogen  sulphide,  filter,  and  reserve  the  solution 
for  subsequent  experiments.  (For  an  equation  representing 
this  reaction,  see  p.  185.)  Alcohol,  sugar,  and  various  other 
substances  which  are  moderately  easily  oxidized  answer  as 
well  as  hydrogen  sulphide.  For  a method  of  carrying  out 
the  reverse  oj)eration  to  that  just  described,  i.e.,  the  conver- 
sion of  a chromic  salt  into  a chromate,  see  the  dry-way 
reaction  for  chromium  compounds  in  general  on  p.  186. 

(liromic  siilj)hale,  Cr„(SO.|)3,  like  aluminium  sulphate, 
A1.,(S().|),,,  unites  with  alkali-metal  sulphates  to  form  double 
salts  which  are  called  alums.  These  alums  resemble  common 
alum  in  crystalline  form  ; but  they  do  not  contain  aluminium, 
the  place  of  the  latter  being  taken  by  chromium  : they  are 
of  a purple  colour. 

Chromic  Anhydride 

]'].vpenmeul. — Mix  four  volumes  of  a cold  saturated  aqueous 
solution  of  ))otassium  bichromate  with  five  of  sulphuric  acid  ; 
on  cooling,  chmmic  an  hydride,  often  called  chromic  acid,  CrOg, 
{^Aridum  Chromiann,  B.P.)  separates  in  crimson  needles.  After 
well  draining,  the  crystals  may  be  freed  from  adhering  sul- 
phuric acid  by  washing  once  or  twice  with  nitric  acid  : the 
latter  may  be  removed  by  passing  dried  and  slightly  warmed 
air  through  a tube  containing  the  crystals.  Chromic  anhy- 
dride may  also  be  freed  from  sulphuric  acid  by  one  or  two 
reci’ystallizations.  In  contact  with  moisture,  chromic  anhy- 
dride takes  uj)  water  and  forms  a solution  of  anhydrochromic 
acid  [H.,Cr.,()y],  1 part  of  the  anhydride  and  3 of  water  forming 
the  Liquor  Acidi  Chrovnei,  B.P.  Chromic  anhydride  is  a 
jiowerfully  corrosive  oxidizing  agent ; it  melts  between  356° 
and  374°  F.  (180°  to  190°  C.),  and  at  a higher  temperature 
decomposes,  yielding  chromic  oxide  and  oxygen  ; it  oxidizes 
organic  matter  with  great  violence,  spontaneous  ignition 
sometimes  resulting. 

In  the  systematic  analytical  examination  of  solutions  con- 
taining chromates,  the  chromium  is  preeijiitated  as  green 
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hromic  hydroxide  along  with  ferric  and  aluminium 
hydroxides,  the  prior  treatment  with  hydrogen  sulphide  in 
►resence  of  hydrochloric  acid  reducing  the  chromate  to  the 
ondition  of  a chromic  salt,  thus  ;■ — 

2KXr,0-  + 16HC1  + 6H,S  = 4CrCl3  + IKCl  + 14HX  + 3S. 

Chromium  having  been  found  in  a solution,  its  condition  as 
hromate  may  be  ascertained  by  noting  the  yellow'  or  orange 
olour  of  the  solution ; by  observing  the  precipitation  of  sul- 
bur,  as  above,  w'ith  simultaneous  change  in  colour  from  orange 
D green  when  the  acidulated  solution  is  treated  with  excess 
!f  hydrogen  sulphide ; and  by  applying  to  the  solution,  salts 
t barium,  mercuiy,  lead,  and  silver.  (*S'cc  the  vai-ious  para- 
raphs  relating  to  those  metals.) 


Ba(N03)„ 

gives  yellow'  BaCrO,  with  chromates. 

HgN03  “ 

55 

red  HgXrO^  „ 

AgN03 

55 

red  Ag.XrO,  „ 

AgN03 

55 

red  Ag^Cr^C)-  with  bichromates. 

Pb(C.,H30.,: 

^2  55 

yellow'  PbCrO^  with  both. 

Barium  nitrate  does  not  completely  precipitate  bichrom- 
±es,  barium  bicbromate  being  soluble  in  w'ater ; barium 
iromate  is  insoluble  in  water  and  in  acetic  acid,  but  soluble 
1 hydrochloric  or  nitric  acid.  Mercurous  nitrate  does  not 
iholly  precipitate  bichromates  : mercuric  nitrate  or  chloride 
Illy  [)artially  precipitates  chromates,  and  does  not  jirecipi- 
ite  bichromates.  Mercurous  cliromate  is  insoluble,  or  nearly 
),  in  dilute  nitric  acid.  .Silver  chromate  and  bichromate  are 
)luble  in  acids  and  alkalies.  Lead  acetate  precipitates  lead 
nromate  from  both  chromates  and  bichromates,  acetic  acid  be- 
jg  set  free  in  the  latter  case  (K,Cr„().  + 2Ph(C„H,4),),  + H ,0 
2PbCr03  + 2KC3tl3(L  + 2HCU'h, ().,)!  - • 

A delicate  reaction  for  dry  chromates  depends  on  the 
■srmation  of  cliroDii/l chloride  or  chlorochrumic  (udujdride,  (ir(),,CI.,. 

small  portion  of  the  chromate  is  j)Iaccd  in  a test-tube  with 
• fragment  of  dry  sodium  chloride  and  a drop  or  two  of  sul- 
I luric  acid,  and  the  mixture  is  healed  ; red  irritaliim  I'umcs 
chlorochromic  anhydride  are  evolved,  and  condense  in  dark 
I«d  dro|)s  on  the  side  of  the  tube. 


! 
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Larger  quantities  are  obtained  by  the  same  reaction,  the 
oj)eration  being  conducted  in  a retort,  with  thoroughly  dry 
materials,  as  the  compound  is  decomposed  by  water.  Chloro- 
chromic  anh}alride  may  be  regarded  as  chromic  anhydride 
in  which  an  atom  of  oxygen  is  displaced  by  an  equivalent 
(juantity  (two  atoms)  of  chlorine.  It  is  not  used  in  medicine, 
but  is  of  interest  to  the  student  as  an  example  of  a class  of 
comj)ounds  known  as  acichhrides.  The  reaction  is  also  occa- 
sionally serviceable  for  the  detection  of  chlorides.  (<Scc  p.  297.) 

A nahjtiad  Ueadions  of  Chromic  Sails. 

1.  'I’o  a solution  of  a chromic  salt  (chloride,  sulphate,  or 
chrome  alum)  add  ammonium  hydrosulphide;  a bulky  green 
j)recij)itate  of  chromic  hydroxide,  Cr(OM)3,  is  produced. 

CrCly  + SNIIjSM  + 3M3O  = Cr(()II)3  3NH.P  + 3H.3S 

2.  To  a solution  of  a chromic  salt,  add  ammonia ; green 
chromic  hydroxide  is  precipitated,  in.soluble  in  excess. 

3.  To  a solution  of  a chromic  salt  add  solution  of  caustic 
potash  or  caustic  soda  drop  by  droj) ; green  chromic 
hydroxide  is  precipitated.  Add  excess  of  the  alkali ; the 
precipitate  is  dissolved.  Boil  the  solution  for  some  time; 
chromic  hydroxide  is  reprecijhtated. 

('hromic  Oxi/hi/droxides.  — Intermediate  in  composition 
between  chromic  hydroxide,  Cr(()tl)3,  and  chromic  oxide, 
Cr.,().j,  two  oxy hydroxides  are  known,  namely,  Cr„0(()H)., 
and  CrOOH. 

l)ri/-waij  Rcadion  for  Chromium  Compounds  in  general. — 
Mix  a small  quantity  of  any  chromium  compound  with  sodium 
carbonate  and  a few  grains  of  nitre  on  jdatinum  foil,  and  fuse 
the  mixture  in  the  blowpiiie-flame  ; a yellow  mass  (potassium 
and  sodium  chromates)  is  formed.  Dissolve  the  mass  in 
water,  add  acetic  acid  to  decomjjosc  excess  of  carbonate, 
and  ;q)j)ly  the  reagents  for  chromates.  This  is  a delicate 
and  useful  reaction  if  carefully  performed. 

The  production  (»f  the  chromate  from  a chromic  salt  in 
the  above  reaction  may  be  represented  by  the  equation  : — 
2('rCl.,  + r)Na.,C()3  + 30  = 2NaX'r()|  + GNaCl  + OCO.. 
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nURECTlONS  FOR  APPLYING  THE  ANALYTICAL  REACTIONS  DESCRIBED 
IN  THE  FOREGOING  PARAGRAPHS  TO  THE  ANALYSIS  OF  AN 
I AQUEOUS  SOLUTION  OF  SALTS  CONTAINING  ONE  OF  THE  METALS, 
ALUMINIUM,  IRON,  CHROMIUM.* 

^irst  note  the  colour  of  the  solution  : — 

Solutions  of  aluminium  salts  are  colourless. 

Solutions  of  ferrous  salts  are  colourless  or  pale  green. 
Solutions  of  ferric  salts  are  yellow  or  brownish. 

Solutions  of  chromic  salts  are  bluish-purple  or  green. 

Add  solution  of  ammonia  (the  group-reagent)  gradually  : — 

A M’hite  precijiitate,  insoluble  or  nearly  so  in  excess, 
iidicates  an  aluminium  salt. 

A dirty-green  precipitate  indicates  iron  in  the  state  of  a 
<errous  salt. 

A reddish-brown  precijiitate  indicates  iron  in  the  state 
‘ f a ferric  salt. 

A bluish-grey  precipitate,  insoluble  or  nearly  so  in  excess, 
indicates  a chromic  salt. 

These  results  may  be  confirmed  by  the  application  of 
lome  of  the  other  tests  to  fresh  jiortions  of  the  solution. 

ABLE  OF  SHORT  DIRECTIONS  FOR  APPLYING  THE  ANALYTICAL 
REACTIONS  DESCRIBED  IN  THE  FOREGOING  PARAGRAPHS  TO 
THE  ANAI.ASIS  OF  AN  AQUEOUS  SOLUTION  OF  SALTS  OF  ONE, 
TWO,  OR  ALL  THREE  OF  THE  METALS,  ALUMINIUM,  IRON, 
CHROMIU.M. 

boil  about  one-third  of  a test-tuheful  of  the  solution  Avith 
i few  drojis  ot  nitric  acid,  d'his  ensures  the  conversion  of 
lerrous  into  ferric  salt,  and  enables  the  next  reagent  (am- 
iionia)  complclcli/  to  jirecijiitate  the  iron.  Add  a slight  excess 
•)f  ammonia  and  shake  the  mixture;  filter.  Wash  the  ]ire- 

* I lie  analytical  hcliavioiir  of’  chroiiiimi)  in  Llic  chromic  sails  is 
•ilonc  referred  to  here.  In  the  systematic  examination  ol'  sohilions 
mr  other  metallic  radicals  besides  those  hitherto  considered,  any 
thromatc  or  bichromate  originally  present  is  eonvi'rted  into  chromic 
»alt  before  the  stage  is  reached  at  which  ahiminium,  iron,  and 
chromium  are  tested  for.  (Note,  however,  that  solutions  of 
"hromates  and  bichromates  are  yellow  and  orange  respectively.) 
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cijntate,  dry  it,  and  fuse  it  on  platinum  foil  with  sodium 
carbonate  and  potassium  nitrate.  Boil  the  fused  mass  in 
water,  and  filter. 


Residue. 

l)rown. 
{Note  1) 

Filtrate 

If  yellow,  Cr  is  present  and  has  formed 
chromate  during  the  fusion.  Divide  into  two 
j)arts. 

1 

Add  NHjCl  and 
warm.  White  ppt.  in- 
dicates Al. 

2 

Add  acetic  acid  in  excess 
and  AgNOy.  Red  ppt.  in- 
dicates Cr. 

Note  1. — If  iron  is  present,  portions  of  the  original  solu- 
tion must  be  tested  witli  j)otassium  ferricyanide  for  ferrous, 
and  with  potassium  ferrocyanide  for  ferric  salts  ; dark-blue 
precij)itales  with  both  indicate  both  ferrous  and  ferric  salts. 

Note  2. — If  ferrous  salt  is  not  present,  the  j^i'climinary 
ebullition  with  nitric  acid  is  unnecessary.  It  is  perhaps 
therefore  advisable  always  to  determine  this  point  previomhj 
by  testing  a little  of  the  original  solution  with  potassium 
ferricyanide ; if  no  blue  precipitate  is  produced,  the  nitric-  I 

acid  treatment  may  be  omitted. 

Ceuium  ; Ce.  At.  wt.,  1.39-2. — This  element  occurs  in  the 
mineral  eerite  (which  contains  iron,  calcium,  and  the  rare 
metals,  cerium,  lanthanum,  and  didymium  [the  latter  really 
a mixture  of  neodymium  and  praseodymium]  as  silicates) ; 
also  occasionally  as  impure  fluoride,  carbonate,  and  phos- 
phate. The  oxalate.  Cent  Oxalas,  13.  P.,  a white  granular  j 
j)owder,  is  the  only  official  salt ; it  may  be  obtained  from 
eerite  l)y  boiling  the  powdered  mineral  in  concentrated 
hydrochloric  acid  for  several  hours,  evaporating,  diluting, 
and  filtering  to  separate  silica ; adding  solution  of  ammonia 
to  precipitate  hydroxides  of  all  the  metals  except  calcium ; 
filtering,  washing,  redissolviiig  in  hydrochloric  acid,  and 
adding  oxalic  acid  to  precipitate  cerium  oxalate.  The  |)re-  j 
paration  still  contains  lanthanum  and  didymium  oxalates ; it 
is  therefore  strongly  calcined,  the  resulting  lanthanum  and 
didymium  oxides  dissolved  out  to  some  extent  by  boiling  with 
a concentrated  solution  of  ammonium  chloride,  the  residual 
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irium  oxide  dissolved  in  boiling  hydrochloric  acid,  and  ain- 
I onium  oxalate  added  to  precipitate  cerium  oxalate,  Ceo(CoO^)g, 
H„0.  According  to  Hartlc}^,  the  precipitated  hydroxides 
I lould  be  treated  with  chlorine,  by  which  ceric  hydroxide  is 
! ft  insoluble  and  the  other  hydroxides  converted  into  soluble 
I ypochlorites. 

The  oxalate  is  insoluble  in  water.  It  is  decomposed  at  a 
I all-red  heat,  47  per  cent,  of  a yellow  or,  generally,  salmon- 
; iloured  mixture  of  oxides  remaining.  Usually  the  didymium 
I resent  gives  the  ignited  residue  a reddish  or  reddish-brown 
dour.  The  oxides  are  soluble  in  boiling  hydrochloric  acid 
vithout  effervescence,  indicating,  indirectly,  absence  of 
irthy  and  other  carbonates  or  oxalates)  ; and  the  solution 
Ives,  with  excess  of  a saturated  solution  of  potassium  sul- 
hate,  a crystalline  precipitate  of  double  cerium  and  jiotas- 
um  sulphate.  Alumina  mixed  with  cerium  oxalate  may  be 
stected  by  boiling  with  solution  of  potassium  hydroxide, 

■ tering,  and  adding  excess  of  solution  of  ammonium  chloride, 
hen  a white  tiocculent  precipitate  (aluminium  hydroxide) 
ill  be  obtained.  The  oxalic  radical  is  recognised  by  neutral- 
ing  the  j)otassium  hydroxide  solution  with  acetic  acid,  and 
fding  calcium  chloride  ; a white  precipitate  (calcium  oxalate) 
11s:  this  precipitate,  though  insoluble  in  acetic  acid,  should 
s wholly  soluble  in  hydrochloric  acid.  Acid  or  neutral 
"rium  solutions  give  with  sodium  acetate  and  hydrogen  per- 
«ide  a brownish-red  colour  (Hartley). 


QUE.STIONS  AND  P:XERCISE.S 

j State  the  method  of  preparation  of  potassium  bichromate. — Give 
Jie  formula  of  pobussiiim  chromate  and  bichromate. — How  is  potas- 
Uum  chromate  obbiined? — De.scribe  the  action  of  hydrogen  sulphide 
|n  acidulated  .solutions  of  chromates.  — What  is  the  formula  of  chrome 
j'um? — Mention  the  chief  tests  for  chromates  and  for  chromic  salts. — 
"^hat  are  the  formula  and  ])ropcrties  of  cerium  oxalate? 


ARSENIUM  and  ANTIMONY 

1 hese  elements,  especially  antimony,  resemble  metals  in 
:ppearance  and  in  the  character  of  some  of  their  compounds  ; 
lut  they  are  still  more  closely  allied  to  the  non-metals  ])hos- 
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))horu.s  and  nitrogen,  witli  wliich  they  form  a natural  group. 
'J'lie  hydrogen  compounds  of  the  four  members  of  this  group 
are  represented  by  tlie  formulae  NH3,  PHg,  AsHg,  SbHg.  A 
few  prejiarations  of  arsenium  and  antimony  are  used  in 
medicine ; but  all  are  more  or  less  powerful  poisons,  and 
hence  have  considerable  toxicological  interest. 

1'  rom  observations  of  the  vapour  density  of  arsenium,  it 
would  aj)j)car  that  the  molecule  of  arsenium  contains  four 
atom.s,  and  that  its  formula  is  As,.  At  temperatures  above 
1700°  C.  the  vapour  density  corresponds  to  the  formula  As.,. 

From  observed  analogy  between  the  two  elements,  the 
molecular  constitution  of  antimony  is  probably  similar  to  that 
of  arsenium.  Vapour  density  determinations,  moreover,  lead 
to  the  formuhe  As^O^  and  SbjO^  (not  As/lg  and  Sb.,03)  for 
arsenious  a!ul  antimonious  oxides. 


ARSENIUM:  As.  Atomic  weight,  74-5 

Occurrence,  etc. — Arsenical  ores  are  frccpientl}^  met  with  in 
nature,  the  commonest  being  iron  arsenio-sulphide,  FeAsS. 
This  “mispickel  ” is  roasted  in  a current  of  air,  the  oxygen  of 
which,  combining  with  the  arsenium,  forms  common  while 
arsenic  (“arsenic”)  or  arsenious  oxide,  sometimes  called  anhy- 
drous arsenious  acid,  or  better,  arsenious  anhijdride,  As^O^, 
(^Acidum  Arscniosuvi,  B.F.),  which  is  condensed  in  chambers  or 
long  dues.  It  commonly  “occurs  as  a heavy  white  powder, 
or  in  masses  which  usually  present  a stratified  appearance 
caused  by  the  presence,  in  separate  layers,  of  the  crystalline 
and  opaque  and  of  the  amorphous  and  vitreous  allotropic 
modifications  of  arsenious  anhydride.”  The  vitreous  or  amor- 
phous oxide  is  far  more  soluble  than  the  crystalline  variety, 
and  the  two  kinds  exhibit  other  differences  in  properties. 
Such  differences  between  the  crystalline  and  amoiqilious 
varieties  of  an  element  or  compound  or  between  two  crystal- 
line varieties  are  not  infrequent.  llealgar  (red  algar)  is 
native  red  arsenium  sulphide,  As^jS^,  and  orpiment  (^auripig- 
menliini,  the  golden  pigment),  is  native  yellow  sulphide,  As^S,. 
Arsenious  iodide,  ASI3,  (Arsenii  lodiduni,  B.P.)  may  be  made 
from  its  elements  or  by  dissolving  white  arsenic  in  aqueous 
hydriodic  acid  and  evaporating  the  solution.  It  occurs  in 
“ small  orange-coloured  crystals,  or  crystalline  masses,  soluble 
in  water  and  in  alcohol  (90  i)er  cent.).  Its  aciueous  solution 
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fiords  the  reactions  characteristic  of  arscniiun  and  of  iodides, 
tid  should  not  change  the  colour  of  solution  of  litmus.  Heated 
1 a test-tube,  it  almost  entirely  volatilizes,  violet  vaimurs  of 

♦ dine  being  set  free.”  Ebullition  with  much  water  gives  rise 
) the  formation  of  a basic  salt.  A solution  of  1 part  by  weight 

f arsenious  iodide  and  1 ]>art  by  weight  of  mercuric  iodide 
1 100  fluid  ])arts  of  water,  forms  I/njuor  Arsenii  et  Hi/drargyri 
odidi,  B.P.  (^Donovan’ s Solution). 

Alkaline  Solution  of  Arsenic 

K.rperimenl  1. — Boil  a grain  or  two  of  jrowdered  white 
I’senic,  As^O^,  in  a solution  of  potassium  carbonate  and  filter 

* necessary.  The  solution,  coloured  with  compound  tincture 
f lavender,  and  containing  1 part  by  weight  of  As^O,.  in  100 
uid  parts,  forms  Liquor  Ar.'icnicdU.s,  B.P.  (^Foirler'.v  Solution). 

Xote. — This  official  solution  does  not  generally  contain 
»uch  potassium  arsenite ; for  the  white  arsenic  does  not 
♦ecompose  the  potassium  carbonate,  or  only  after  long  boil- 
ug.  From  concentrated  solutions  carbonic  anhydride  is  more 
luickly  eliminated. 


Arsenious  Acid  and  other  Arsenites 

[White  arsenic,  or  ar.seniou.s  anhydride,  As  jO^  (formerlv  called 
Tsenious  acid),  when  dissolved  in  water  yields  a solution  which 
rrntains  .some  arsenious  acid,  lEAsO.,,  hydrogen  arsenite,  and 
I<ossesses  a faintly  acid  reaction. 

! As/),.  + fill/)  = 4II,As(), 

I Arsenious  aiihyilri'li'  Water  Aj-suiiious  acid 

When  ar.scnious  anhydride  is  dissolved  in  solutions  of 
p.;iustie  potash  or  caustic  soda,  the  anhydride  being  used  in  ex- 
ftess,  the  so-called  acid  ; irsenitcs,  Kll(AsO.,)^  and  NaIl(As()„).„ 
[ire  formed.  Boiled  for  some  time  with  exce.ss  of  the  respec- 
[>ive  alkali-metal  carbonates,  these  salts  yield  other  ar.senitcs 
ireally  metarsenite.s,  as  the  acid  salts  also  are)  the  composition 
'If 'vhich  is  represented  by  the  formula;  KAsO.,  and  NaAsO.,. 

.'Vrsenious  anhydride  fused  with  alkali-metal  carbonates 
tiields  pyroarsenates  (N'a^As/).  or  K,,As./)-,  as  the  case  may 
t»e)  and  metallic  arsenium. 
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Acid  Solution  of  Arsenic 

KrperivienI  2. — Boil  arsenious  anhydride  witli  dilute  liydro- 
chloric  acid  ; the  anhydride  slowly  dissolves.  Such  a solution 
made  with  prescribed  i)roportions  of  acid  and  water,  and  con- 
taining 1 part  by  weight  of  As.(0^  in  100  fluid  parts,  forms 
Liquor  Arxeiiici  1 h/drochloricus,  B.P.  (Dc  Fa/a?igin’x  Solution 
contains  a grain  and  a half  per  ounce.) 

Note. — The  student  should  also  boil  arsenious  anhydride 
in  water  only,  and  thus  have  an  acid,  an  alkaline,  and  an 
aqueous  arsenious  solution  for  analytical  comparison. 


Arsenium 

Experiment  3. — Place  a grain  or  less  of  arsenious  anhy- 
dride at  the  bottom  of  a narrow  test-tube,  cover  it  with  half 
an  inch  or  so  of  small  fragments  of  dry  charcoal,  and  hold 
the  tube,  nearly  horizontally,  in  a Bunsen  flame,  the  mouth 
of  the  tube  being  loosely  covered  by  the  thumb.  At  first  let 
the  bottom  of  the  tube  jjroject  slightly  beyond  the  flame,  so 
that  the  charcoal  may  become  nearly  red-hot ; then  heat  the 
bottom  of  the  tube.  The  oxide  will  volatilize,  become  deoxi- 
dized by  the  hot  charcoal,  carbonic  anhydride  being  formed, 
and  the  element  arsenium  (formerly  sometimes  termed  arseni- 
cum,  and  also  sometimes  called  arsenic')  will  be  deposited  in 
the  cooler  part  of  the  tube  as  a dark  mirror-like  metallic 
coating.  During  the  operation  a characteristic  odour,  re- 
sembling garlic,  is  emitted. 

Metallic  arsenium  may  be  obtained  in  large  quantities  bj’ 
the  above  process  if  the  operation  be  conducted  in  vessels  of 
appropriate  size.  Performed  on  the  small  scale  with  great 
care,  in  narrow  tubes,  and  using  not  charcoal  alone,  but  black 
flux  (a  mixture  of  charcoal  and  potassium  carbonate  obtained 
by  heating  acid  potassium  tartrate  in  a test-tube  or  other 
closed  vessel  till  no  more  fumes  are  evolved),  the  reaction  has 
considerable  analytical  interest,  the  garlic  odour  and  the 
formation  of  the  mirror-like  ring  beijig  highly  characteristic 
of  arsenium.  Compounds  of  mercury  and  antimony,  however. 
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o'ive  sublimates  which  resemble  arsenium  in  appearance  and 
must  not  be  mistaken  for  it. 


Arsenic  Acid  and  other  Arsenates 

Experiment  4. — Boil  a grain  or  two  of  arsenious  anhydride 
with  a few  drops  of  nitric  acid  until  red  fumes  are  no  longer 
i evolved  ; evaporate  the  solution  to  dryness  in  a small  dish, 
I to  remove  excess  of  nitric  acid  ; dissolve  the  residue  in  water  : 
j the  product  is  Arsenic  Acid,  H^AsO^. 

1 Arsenic  acid,  when  strongly  heated,  loses  the  elements  of 
I water,  and  arsenic  anhydride,  As.,0-,  remains.  At  a still 
I higher  temjjerature  arsenic  anhydride  decomposes,  yielding 
I arsenious  anh)'dride  and  oxygen. 

Arsenic  anhydride  readily  absorbs  water  and  becomes 
arsenic  acid,  H.^AsO^.  Arsenic  acid  is  reduced  to  arsenious  acid 
I by  the  action  of  sulphurous  acid.  H,.A.s()  ( + H .SOg  = H.j  AsO., 
i +H._,SO.,. 

Salts  derived  from  arsenic  acid  are  termed  arxenatea. 

I The  di-ammoniurn  arsenate,  (NH^).,HAsO,,  may  be  made  by 
i!  neutralizing  arsenic  acid  with  ammonia.  Its  solution  in 
f water  is  occasionally  used  as  a reagent  in  analysis.  Arsenic 
I acid  is  used  as  an  oxidizing  agent  in  the  manufacture  of  the 
' well-known  dye,  magenta. 

Sodium  arsenite  and  arsenate  are  used  in  the  cleansing 
operations  of  the  calico-printer. 

Sodium  Arsenate  and  Pyroarsenate 

Experiment  d. — Fuse  2 or  .3  grains  of  arsenious  anhydride, 
-^SiOg,  with  sodium  nitrate,  NaNO.j,  and  dried  sodium  carbon- 
ate, Na^.CO.j,  in  a porcelain  crucible,  and  dissolve  tin;  result- 
ing mass  of  .sodium  pyroarsenate  in  water;  solution  of 
sodium  arsenate,  Na.,I  I AsO,,  results. 

As/)„-f-4XaX().,  + 2Xa,/X).,  = 2Na, As,0- -h  2X„0.,  -f-  2CO., 

Si-Klimii  ■'  Sodinm"  ' .Xitfoiis  Ciuboinc 

ijanuM  nitratit  carlxtuat'^  jiyroarsniuitM  unliydviilc  anhydriilc 

Xa^A.s/),  + up  = 2Na,HAs()| 

.S^jdium  pyroarsfiiati!  Wat^r  Sodium  arsiuiat** 
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Crystallized  from  the  solution  and  dried,  a salt  is  obtained 
whieh  is  represented  by  the  formula  Na„HAsO^,  7H,0. 

The  anhydrous  salt,  NaoHAsO,,  “obtained  by  exposing 
to  a temj)erature  of  300°  F.  (148‘9°C.)  crystallized  sodium 
arsenate,”  is  oflicial  (^Sodii  Arse?iax,  B.P.).  A 1 per  cent, 
aqueous  solution  forms  Liquor  Sodii  Arsenalis,  B.P.  It  has 
about  half  the  arsenical  strength  of  Liquor  Arse7iicalis,  B.P. 
'Phe  anhydrous  salt  is  used  because  the  crystallized  salt  is  of 
somewhat  uncertain  com])osition.  The  fresh  crystals  are 
represented  by  the  fonnula  Na.,HAsO^,  12H„0  ( = 53'7  per 
<-ent.  of  water) ; these  soon  effloresce  and  yield  a stable  salt 
having  the  formula  Na„HAsO^,  7H.,0  ( = 40'4  per  cent,  of 
water).  To  avoid  the  possible  employment  of  a mixture  of 
these  salts,  the  aidiydrous  salt,  of  uniform  composition,  is 
alone  official. 

Tlic  student  will  find  uscfid  practice  in  verifying,  by  calcidation, 
the  above  numbers  rej)resenting  the  centesimal  proportion  of  water  in 
tlie  two  sodium  arsenates. 

'Phe  ci'ystalline  form  of  each  variety  of  sodium  arsenate 
(Na.,H  AsO.,,  I2H2O,  and  Na.JIAsOj,  7Hj^O)  is  identical  with 
that  of  the  corres])onding  sodium  phosphate  (Na^HPO^, 
12H„(),  and  Na„HPO,,,  7IFO),  the  pairs  of  analogous  com- 
position being  isornorphous.  This  is  only  one  instance  of  the 
strong  analogy  of  arsenium  and  its  compounds  with  phos- 
phorus and  its  corresponding  compounds.  The  pre2)aration 
and  characters  of  the  next  substance,  ferrous  arsenate,  will 
remind  the  student  of  ferrous  phosphate. 


Ferrous  Arsenate.  Iron  Arsenate 

Kvpeiimcnl  G. — To  a hot  solution  of  sodium  arsenate  add 
a hot  solution  of  ferrous  sulphate  and  a small  quantity  of  a 
solution  of  sodium  bicarbonate ; a precipitate  of  ferrous 
arsenate,  Fe3(AsOJ.2,  is  jn-oduced.  On  a larger  scale,  261 
parts  of  dried  sodium  arsenate  dissolved  in  100  of  hot  water, 
and  20f  of  ferrous  sulphate  in  120  of  hot  water,  witli  4i 
of  sodium  bicarbonate,  may  be  emj)loyed.  'Phe  j)recij)itate 
should  be  collected  on  a calico  fdter,  washed,  sciueezed,  and 
dried  on  a water-bath,  at  a low  temperature  (100°  1'.,  37-8°  C.) 
to  avoid  excessive  oxidation.  It  constitutes  Fcrri  Arscunx, 
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B.P.,  “ ferrous  arsenate,  Fe3(AsO,)o,  with  ferric  arsenate 

and  some  iron  oxide.” 

2Na,HAsO^  + 2NaHC03  + 3FeSO,  = 

Sodium  arsenate  Sodium  bicarbonate  Ferrous  sulphate 

Fe3(AsO,).,  + SNa^SO,  + 2H3O  + 2CO., 

Ferrous  arsenate  Sodium  .sulphate  Wafer  Carbonic  anhydride 

The  use  of  the  sodium  bicarbonate  is  to  ensure  the 
absence  of  free  sulphuric  acid  from  the  solution.  This  acid 
dissolves  ferrous  arsenate,  and  it  is  impossible  to  jn’event  its 
liberation  if  only  the  ferrous  sulphate  and  sodium  arsenate 
be  employed  without  the  sodium  bicarbonate. 

At  the  instant  of  precipitation  ferrous  arsenate  is  white, 
but  it  rapidly  becomes  of  a green  or  greenish-blue  colour 
owing  to  absorption  of  oxygen  and  formation  of  a ferroso- 
ferric  arsenate.  When  dry,  it  is  a tasteless,  amorphous 
j)owder  which  is  soluble  in  acids  and  has  undergone  oxida- 
tion to  a considerable  extent. 

Arsenium  Hijdride  and  Sulphides,  and  Copper  and  Silver 
Arseniles  and  Arsenates  are  mentioned  in  the  following  analyti- 
cal paragraphs. 

Analytical  Reactions  of  Arsenium  ('ompounds. 

1.  Repeat  experiment  3,  operating  on  not  very  much  more 
arsenious  anhydride  than  the  size  of  a small  pin’s  head,  and 
u.sing  not  charcoal  alone,  but  the  black  flux  already  mentioned, 
or  a well-made  and  jierfectly  dry  mixture  of  charcoal  and 
potassium  carbonate  (the  latter  salt  best  obtained  by  heat- 
ing potassium  bicarbonate).  The  tube  employed  should  be  a 
narrow  te.st-tube,  or  better,  a tube  (easily  made  from  glass- 
tubing) having  the  form  (Berzelius’.s)  shown  in  fig.  33. 


Fio.  33. 


The  oxide  and  black  fiux  are  placed  in  the  hull)  of  the 
tube,  which  is  then  heated  in  a Bunsen  flame  ; the  arsenium 
condenses  on  the  constricted  portion  of  the  tube.  If  now 


106 


THE  ME'rALLIC  RADICALS 


the  bulb  be  carefully  removed  by  fusing  and  drawing  out  the 
glass,  the  arsenium  may  be  chased  up  and  down  the  narrower 
part  of  the  tube  until  the  air  in  the  tube  has  re-oxidized  it  to 
arsenious  anhydride. 

If  the  operation  has  been  performed  in  a less  delicate 
manner  in  an  ordinary  test-tube,  cut  or  break  off  portions  of 
tlie  tube  containing  the  sublimate  of  arsenium,  put  them  into 
a test-tube  and  heat  tlie  bottom  of  the  latter,  holding  it 
nearly  horizontally,  and  partially  closing  the  mouth  of  the 
tube  with  the  finger  or  thumb  ; the  arsenium  combines  with 
oxygen  from  the  air  in  the  tube,  and  the  resulting  arsenious 
anhydride  is  deposited  on  the  cool  jiart  of  the  tube  in  brilliant, 
generally  imjierfect,  octahedral  crystals. 

Mivroscojnc  Ka'awitKitiou. — Prove  that  the  crystals  are 
identical  in  form  with  those  of  arsenious  anhydride,  by 


Fio.  84. — Octaliedioii. 


Fio.  34ft. — A Sublimate  of  Arsenious 
Anliydrido  (Maguilled). 


heating  a grain  or  less  of  the  latter  in  another  test-tube  and 
examining  the  two  sublimates  by  means  of  a good  lens  or 
a compound  microscope. 

The  appearance  of  a sublimate  of  arsenious  anhydride  is 
peculiar  and  quite  characteristic.  The  primary  form  of  each 
crystal  is  an  octahedron  (oktw,  okto,  eight ; hcdra,  side) 

(fig.  34rt),  or,  rarely,  a tetrahedron,  and  in  a sublimate  a few 
perfect  octahedra  are  generally  present.  Usually,  however, 
the  crystals  are  modifications  of  octahedra  such  as  are  shown 
in  fig.  34 — which  is  drawn  from  actual  sublimates. 

2.  lleifixclis  Test. — Place  a juece  of  cojiper  foil,  about  | 
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i inch  wide  and  | inch  long,  in  a solution  containing  arsenic 
I and  hydrochloric  acid,  and  boil  (nitric  acid  must  not  be 
I present,  or  the  piece  of  metal  will  be  dissolved)  ; arsenium  is 
I deposited  on  the  co])per  as  a grey  coating  possessing  a some- 
I wliat  metallic  appearance.  {^Icmoraiiduni. — An  equivalent 
I proportion  of  copper  goes  into  solution.  The  experiment 
I forms  an  illustration  of  a kind  of  chemical  change  appro- 
priateh’  termed  substitution d)  Pour  off  the  supernatant  liquid 
from  the  copper,  wash  the  latter  with  water,  dry  it  by  means 
of  a piece  of  filter-paper,  and  finally  place  it  at  the  bottom  of 
a clean,  dry,  narrow  test-tube,  or  a Berzelius  tube,  and 
sublime  as  described  in  reaction  1,  again  noticing  the  form  of 
the  resulting  crystals.  The  tube  containing  the  sublimate 
may  be  reserved  for  subse<iuent  comparison  with  a similarly 
obtained  sublimate  of  antimonious  oxide.  This  test  for 
arsenium  was  introduced  by  lleinsch,  in  184.3. 

I Sotc. — Copper  itself  frequently  contains  arsenium,  a fact 

P that  may  not,  ]>erhaps,  cause  any  trouble  to  the  student,  who 
^ is  performing  experiments  in  practical  chemistry  with  known 
I substances,  for  educational  purposes;  but  when  the  analyst 
j proceeds  to  the  examination  of  substances  of  unknown  com- 
position, he  must  assure  himself  that  neither  his  aj)paratus 
nor  materials  already  contain  the  clement  for  which  he  is 
: searching. 

The  detectiou  of  arsenium  in  metallic  copper  is  best  aeeom- 
I i)lished  by  boiling,  in  a retort  or  distilling-Hask,  a mixture  of 
1 a few  grains  of  the  sample  with  live  or  six  times  its  weight  of 
ferric  hydroxide  or  chloride  (free  from  arsenium)  and  excess 
' of  hydrochloric  acid.  I'he  arsenium  is  thus  volatilized  in  the 
! form  of  chloride,  and  may  be  condensed  in  water  and  detected 
I by  means  of  hydrogen  suli)hide  {see  reaction  G,  p.  201)  or  by 
Reinsch  s test.  Ihe  ferric  chloride  solution  is,  if  necessary, 

I freed  from  any  trace  of  arsenium  by  evaj)orating  once  or 
' twice  to  dryness  with  excess  of  hydrochloric  acid. 

3.  The  Hi/drogen  'Test  or  Marsh's  7V,'.s/.— Generate  hydrogen 
in  the  usual  way  by  the  interaction  of  zinc  and  dilute  sul- 
phuiic  acid,  ;i  bottle  of  about  four  or  six  ounces  capacity 
being  used,  and  a funnel-tube  and  short  delivery-tube  passing 
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through  the  cork  as  shown  in  fig.  35.  Dry  the  escaping 
hydrogen  (except  in  rough  experiments,  when  this  is  scarcely 
necessary)  by  adapting  to  the  delivery-tube  a short  piece  of 
wider  tubing  filled  with  fragments  of  dried  calcium  chloride 
(«).  'I'o  the  other  end  of  the  drying-tube  fit  a piece  of 
narrow  tubing  ten  or  twelve  inches  long,  made  of  hard  glass, 
and  having  its  outlet  end  reduced  to  a small  bore  by  drawing 
it  out  in  the  flame  of  the  blowpipe.  When  the  hydrogen  has 
been  escaping  for  a sufficient  number  of  minutes  and  at  such 
a rate  as  to  warrant  the  student  in  concluding  that  all  the  air 
origiiialli/  present  in  the  bottle  has  been  c.rpellcd,  kindle  the  jet. 


and  tlien  pour  eight  or  ten  drops  of  the  aqueous  arsenical 
solution,  or  three  or  four  drops  of  the  acid  or  alkaline  solution 
previously  prepared,  into  the  funnel-tube,  washing  the  liquid 
into  the  generating-bottle  by  means  of  a little  water.  By 
the  action  of  the  zinc  and  sulphuric  acid,  the  arsenious  com- 
j)ound  is  reduced  to  the  state  of  arsenium,  and  the  latter 
combines  with  some  of  the  hydrogen  to  form  arsenium 
hydride,  arseniuretted  liydrogen,  or  hydrogen  arsenide, 
AsHg. 

As.Oo  + 12H  = As^  -t-  GHjO 

AraeiiiouH  Ilytlrogon  Arsenium  Water 

anhydride  (nascent) 

As^  -f-  12H  = 

AiHimiuni  Hydrogen 
(iiaHceiit) 


4ASH3 

llydrogoii 

nrsenide 
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Hold  a piece  of  glazed  earthenware  or  j)orcelaiii  (the  lid 
of  a porcelain  crucible  (/;)  if  at  hand)  in  the  burning  li}  drogen 
jet ; a brown  sjiot  of  arsenium  is  deposited  on  the  cold  sur- 
face. Collect  several  of  these  deposits,  and  retain  them  for 
future  eomparison  with  antimony  deposits  similarly  obtained. 
To  ensure  the  conversion  of  the  whole  of  the  arsenic  into 
hydrogen  arsenide,  it  is  advisable,  towards  the  end  of  the 
0})eration,  to  add  a few  di'ops  of  solution  of  stannous  chloride 
in  hydrochloric  acid  to  the  generating-flask  ; this  causes  the 
precipitation  of  the  arsenium  in  a state  of  very  fine  division, 
in  which  it  is  readily  acted  upon  by  the  nascent  hydrogen. 

'I’he  separation  of  arsenium  in  the  flame  is  due  to  the  de- 
composition of  the  hydrogen  arsenide  by  the  heat.  The  cool 
porcelain  at  once  condenses  the  arsenium,  and  thus  jjrevents 
its  oxidation  to  arsenious  anhydride  (which  would  otherwise 
take  place  at  the  outer  edge  of  the  flame). 

Hold  a small  beaker  (c),  or  wide  test-tube,  over  the  flame 
for  a few  minutes  ; a white  film  of  arsenious  anhydride, 
As^O,;,  will  be  deposited  slowly,  and  may  be  further  examined 
I in  contrast  with  the  similarly  produced  film  of  antimonious 
I oxide. 

During  these  experiments  tire  effect  produced  by  the  burn- 
1 ing  of  the  hydrogen  arsenide  on  the  colour  of  the  hydrogen 
I flame  should  be  noted;  the  flame  aerpiires  a characteristic 
' dull,  livid,  bluish  tint. 

Apply  the  flame  of  a gas-lamp  to  the  middle  of  the  hard 
. glass  delivery-tube  ((/,  fig.  .35) ; the  hydrogen  arsenide  is 
decomposed  as  before,  but  the  liberated  arsenium  condenses 
in  the  cool  part  of  the  tube,  beyond  the  flame,  as  a dark 
' metallic  mirror.  Ihe  tube  may  be  removed  and  kept  for 
comparison  with  an  antimony  deposit. 

Ao/c  1. — The  zinc  and  sulphuric  acid  used  for  Marsh’s  test 
must  be  free  from  tarsenium.  Zinc,  like  copper,  frecpiently 
contains  arsenium  as  imj)urity.  When  a specimen,  free  fVom 
arsenium,  is  met  with,  it  should  be  reserved  for  analytical 
experiments.  Sulphuric  acid,  free  from  arsenium,  can  usually 
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be  purchased,  but  samples  must  always  be  tested  as  to  their 
I)urit}\ 

Note  2. — In  delicate  and  important  ajjj^lications  of  Marsh’s 
test,  magnesium  may  be  substituted  for  zinc  with  safety, 
arsenium  not  being  found  in  magnesium.  Magnesium  in  rods 
is  convenient  for  this  purpose.  Both  magnesium  and  zinc,  if 
j)erfectly  juire,  interact  with  acids  extremely  slowlj^ ; but  the 
addition  of  a veiy  small  (juantity  of  chloroplatinic  acid,  at  once 
promotes  an  abundant  evolution  of  hydrogen.  Platinum,  how- 
ever, has  a tendency  to  hold  back  arsenium.  According  to 
Dyer,  rod  zine  has  a similar  tendency,  while  granulated  zinc 
at  once  gives  hydrogen  arsenide. 

Note  .3. — Sulphuric  acid,  which  is  often  used  for  drying 
gases,  decomj)()ses  hydrogen  arsenide.  Calcium  chloride  is 
the  aj)propriatc  desiccating  agent  for  this  gas. 

Note  4. — The  original  apparatus  proposed  by  Mr  Marsh, 
a ])harmacist,  of  Woolwich,  in  1836,  was  a U-shaped  tube, 
<me  limb  of  which  was  short,  and  closed  by  a stopcock,  so 
that  the  whole  of  a small  (juantity  of  hydrogen  arsenide  could 
be  collected,  and  afterwards  examined  at  leisure. 

Note  5. — On  account  of  the  exceedingly  poisonous  character 
of  hydrogen  arsenide,  the  jweceding  test  and  the  next  one 
should  be  conducted  in  a well-ventilated  fume-cupboard. 

I.  Fleihnaun's  'J'cxI. — Generate  hydrogen  by  heating  a con- 
centrated solution  of  caustic  soda  or  potash  and  some  pieces 
of  zinc  in  a test-tube,  to  near  the  boiling  point  (Zn  -t-  2NaOH 
= H , -f  Na.,ZnO.„  xee  j).  147).  Add  a drop  of  an  arsenical 
solution.  Now  spread  over  the  mouth  of  the  tube  a cap  of  filter- 
j)aj)er  moistened  with  one  drop  of  solution  of  silver  nitrate. 
Again  heat  the  tube,  taking  care  that  the  liquid  itself  shall 
not  sj)urt  up  on  to  the  cap.  A j)lug  of  cotton  wool  may  even 
be  placed  in  the  mouth  of  the  test-tube  to  arrest  this  spurt- 
ing. 4’he  arsenical  comj)ound  is  reduced  to  arsenium,  which 
unites  with  the  hydrogen,  as  in  Marsh’s  test ; and  the  hydrogen 
arsenide  passing  up  through  the  cap  interacts  with  the  silver 
nitrate,  producing  a jrarplish-black  sj)ot  (of  silver). 

AsH.,  4-  3Hp  4-  6 AgNO,  = U;,As0.j  4-611  NO.,  4-  6Ag. 

Xolc  1. — This  reaction  is  valuable,  since  it  enables  the 
analyst  (juiekly  to  di.stinguish  arsenium  in  the  j)resence  ol 
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antimony.  During  the  reduction  of  an  antimony  compound 
by  nascent  hydrogen  in  an  acid  solution,  a portion  of  the 
! antimony  is  converted  into  antimoniuretted  hydrogen,  SbHg, 
'which  also  acts  upon  silver  nitrate;  whereas  if  the  reduc- 
tion is  carried  out  in  an  alkaline  solution,  antimoniuretted 
hydrogen  is  not  formed,  and  hence  the  effect  just  described 
is  not  produced. 

Xute  2.- — Aluminium  answers  as  well  as  zinc  for  Fleit- 
mann’s  test  (Gatehouse),  or  magnesium  may  be  used;  or 
1 instead  of  zinc  and  alkali,  sodium  amalgam  containing  only 
a small  proportion  of  sodium  may  be  employed  (Davy). 

Xote  3. — If  the  filter-paper  cap  is  moistened  with  solution 
of  mercuric  chloride  and  then  exposed  to  the  action  of  hydrogen 
arsenide,  a yellow  stain,  AsHHg.,Cl.,,  results  ; becoming  after 
a time  brown,  AsHggClg,  and  then  black,  As^Hgg. 

0.  Betlendorff’ s Test. — To  a solution  of  stannous  chloride 
iin  concentrated  hydrochloric  acid  add  a very  small  quantity 
! 'of  any  arsenical  solution.  Arsenium  then  separates,  especially 
i on  the  application  of  heat,  producing  a yellowish  and  then 
j [ brownish  colour,  a greyish-brown  turbidity,  or  even  a sediment 
I of  grey-brown  flocks,  according  to  the  quantity  present.  Much 
favater  prevents  the  reaction  ; and  its  presence  must  therefore 
I be  avoided  as  far  as  possible  ; indeed,  a licjuid  saturated  with 
I hydrochloric  acid  gas  gives  the  best  results.  The  ])resence  of 
[(arsenic  in  sulj)huric  or  hydrochloric  acid,  or  in  tartar  emetic, 
j;etc.,  may  be  detected  by  means  of  this  test.  Nitrates,  such 
|i;is  bismuth  o.xynitratc,  must  first  be  heated  with  sulphuric  acid 
I to  remove  the  nitric  acid  radical  before  applying  this  test  for 
Uarsenium.  The  stannous  salt  is  converted  into  stannic  salt 
i during  the  reaction. 

I he  foregoing  are  the  most  important  reactions  of  arsenium, 
I'whether  existing  in  the  arsenious  or  arsenic  condition  ; of 
i.the  following  reactions  10  and  11  may  be  employed  to  dis- 
tinguish arsenious  and  arsenic  compounds  from  each  other. 

6.  riirough  an  acidulated  arsenious  solution  pass  hydrogen 
Kulphide ; a yellow  precipitate  of  arsenious  sulphide,  As,,S.„ 
■is  at  once  produced.  Add  an  alkali-metal  hydiatxide  or 
hydrosid])hide  to  a portion  oi’  the  preci|)itale ; it  readily 
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dissolves.  The  precijhtate  consequently  would  not  be 
produced  on  passing  hydrogen  sulphide  through  an  alkaline 
arsenious  solution. 

When  arsenious  sulphide  is  dissolved  in  a solution  of 
a hydrosulphide,  a soluble  meta-thiarsenite  {ddov,  theion, 
sulphur)  is  produced.  Thus  when  ammonium  hydrosulphide 
is  used  the  solution  contains  ammonium  meta-thiarsenite — 

As.,S3  + 2NM.,HS  = 2NH,AsS^  + H.^S 

W'hen  a hydroxide  is  used,  a mixture  of  metarsenite  and 
meta-thiarsenite  is  obtained — 

2As,S3  -t  4Na()H  = NaAsO,  + 3NaAsS^  + 2H.,0 

To  another  j)ortion  of  the  arsenious  sulphide  precipitate, 
well  drained,  add  concentrated  hydrochloric  acid  ; it  is  in- 
soluble— unlike  antimonious  sulphide.  (Neither  sulphide  is 
soluble  in  dilute  h3alrochloric  acid.) 

Note  1. — A yellow  sulj)hide  is  also  jn-oduced  in  an  acid 
solution  of  a cadmium  salt  by  tlie  action  of  hydrogen  sulphide, 
but  this  sulphide  is  insoluble  in  alkaline  liquids.  Under 
certain  circumstances  tin,  too,  yields  a yellow  sulphide,  but 
tin  is  otherwise  easily  distinguished. 

JSolc  2. — A trace  of  arsenious  sulphide  is  sometimes  met 
with  in  the  sulphur  distilled  from  arsenical  pyrites.  It  may  be 
detected  by  digesting  the  sulphur  in  solution  of  ammonia, 
filtering,  and  evaporating  to  dryness ; a yellow  residue  of 
arsenious  sulphide  is  obtained  if  that  substance  be  present. 

7.  Through  an  acidulated  solution  of  arsenic  acid,  or  any 
other  arsenate,  jiass  a rapid  current  of  hydrogen  sulphide ; a 
yellow  precipitate  of  arsenic  sulphide,  As^S^,  is  produced, 
but  precipitation  takes  place  very  slowly  in  cold  solutions. 
Brauner  and  Tornicek  state  that  by  a slow  current  the 
arsenic  acid  is  gradually  reduced  to  arsenious  acid,  and  a 
yellow  jirecipitate  is  formed  which  consists  of  arsenious 
sulphide  mixed  with  sulphur.  The  reaction  is  more  rapid  it 
the  solution  be  warmed.  The  precipitate  is  soluble  in  alkali- 
metal  hydroxides  and  hydrosuliihides.  When  it  is  dissolved 
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L a hydrosulphide  the  solution  contains  a thiarsenate,  while  a 
ydroxide  produces  a mixture  of  arsenate  and  thiarsenate. 

8.  To  an  aqueous  solution  of  arsenious  anhydride  add  two 
r three  drops  of  solution  of  cupric  sulphate,  and  then 
Butiously  add  dilute  solution  of  ammonia,  drop  by  drop,  until 
green  precipitate  is  obtained.  The  production  of  this 
Tecipitate  is  characteristic.  To  a ])ortion  of  the  mixture 
dd  an  acid  ; the  precipitate  dissolves.  To  another  portion 
dd  an  alkali ; the  precipitate  dissolves.  The  solubility  of 
he  precipitate  in  both  acid  and  alkali  shows  the  advantage 
f testmg  a suspected  arsenical  solution  by  means  of  litmus- 
laper  before  applying  this  reaction,  and  if  found  to  be  acid, 
autiously  adding  alkali,  or  if  alkaline,  adding  acid,  till 
^utrality  is  obtained ; or  a special  reagent — copper  am- 
aonio-sulphate — may  be  used.  {See  note  to  reaction  11.) 

The  precipitate  consists  of  cupric  arsenite,  CuHAsOg,  or 
^cheek's  Green.  In  the  pure  state,  or  mixed  with  cupric 
(cetate  or,  occasionally,  wdth  cupric  carbonate,  it  is  used  as 
pigment  under  different  name.s,  such  as  Brunswick  Green 
ind  Schweinfurth  Green,  by  painters  and  others. 

9.  A])ply  the  test  just  described  to  a solution  of  arsenic 
« cid  or  other  arsenate  ; a somewhat  similarly  coloured  pre- 
iipitate  of  cupric  arsenate  is  obtained. 

10.  Repeat  reaction  8,  substituting  silver  nitrate  for 
lupric  sulphate  : in  this  case  a yellow  precipitate  of  silver 
^.rsenite,  Ag^AsOy,  is  produced,  also  soluble  in  acids  and 
blkalies. 

11.  Apply  the  silver  nitrate  te.st  of  the  preceding  re- 
action to  a solution  of  arsenic  acid  or  other  arsenate  ; a brown 
Drecipitate  of  silver  arsenate,  Ag^AsO,,  is  formed. 

Copj)er  and  Silver  ReagenU'  for  Ar.senium. — The  last  four 
Reactions  may  be  performed  with  increased  delicacy  and 
r;ertainty  of  result  if  the  coj>per  and  silver  reagents  be  j>re- 
I 'iously  prepared  in  the  following  manner  : — To  a solution  of 
mure  cupric  sulphate  (about  1 part  in  20  of  water)  add  am- 
monia until  the  blue  |)recipitate  at  first  formed  is  nearly,  but 
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not  quite,  redissolved ; filter  and  preserve  the  liquid  as  an 
arsenium  reagent,  labelling  it  Solution  of  mpper  ammonio-sul- 
phale  (B.P.).  Treat  solution  of  silver  nitrate  (about  1 part  in 
40)  in  the  same  way,  and  label  it  Solution  of  silver  ammonio- 
nitratc  (B.P.).  The  coinjiosition  of  tliese  two  salts  will  be 
referred  to  subsequently. 

Arsenious  and  Arsenic  Coinpounds. — While  man}'  reagents 
may  be  used  for  the  detection  of  arsenium,  only  the  behaviour 
with  silver  nitrate  will  immediately  and  distinctly  indicate 
in  which  state  the  arsenium  exists  ; for  the  two  sulphides  and 
the  two  copper  precipitates,  though  differing  in  composition, 
resemble  each  other  in  appearance,  whereas  the  two  silver 
precipitates  differ  in  colour  as  well  as  in  composition. 

Soluble  arsenates  give  precipitates  of  insoluble  arsenates 
on  the  addition  of  solutions  of  salts  of  barium,  calcium,  zinc, 
and  other  metals. 

Arsenium,  when  it  exists  as  arsenic  acid  or  other  arsenate, 
does  not  rapidly  respond  to  the  test  with  hydrogen  sulphide 
or  nascent  hydrogen.  Hence,  if  its  presence,  as  arsenate,  is 
suspected,  the  liquid  under  examination  should  be  warmed 
with  a little  suljdiurous  acid — or  treated  with  hydrochloric 
acid  until  slightly  acid  and  then  with  solution  of  sodium  thio- 
sulphate— before  the  addition  of  hydrogen  sulphide. 

Antidote  in  cases  of  Arsenical  Poisoning. — The  most  effective 
antidote  in  these  cases  is  recently  precipitated  moist  ferric 
hydroxide,  administered  as  soon  as  possible.  It  is  perhaps 
best  administered  in  the  form  of  the  mixture  obtained  by 
adding  sodium  carbonate  to  a solution  of  ferric  chloride 
(^Liquor  Ferri  Perchloiidi,  B.P.)  two  to  three  ounces  of  the 
latter  to  about  one  ounce  of  the  crystals  of  the  former.  In- 
stead of  the  sodium  carbonate,  about  a quarter  of  an  ounce 
of  calcined  magnesia  (^Magnesia,  B.P.)  may  be  used.  These 
quantities  will  render  at  least  10  grains  of  arsenious  anhy- 
dride insoluble.  Emetics  should  also  be  given,  and  the 
stomach-pump,  or  a common  indiarubber  tube,  used  as  a 
sijdion,  be  ai)plied  as  (piickly  as  jiossible. 
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The  above  statements  regarding  the  antidote  for  arsenical 
I jisoning  may  be  verified  by  mixing  the  various  substances 
I gether,  filtering,  and  proving  the  absence  of  arsenium  in 
) le  filtrate  by  applying  some  of  the  foregoing  tests. 

! Mode  of  Action  of  the  Antidote. — The  action  of  the  sodium 
i-rbonate  or  the  magnesia  is  to  precipitate  ferric  hydroxide, 
e(OH)3— sodium  chloride,  NaCl,  or  magnesium  chloride, 
[gCl.„  being  formed,  either  of  which  is  at  least  harmless,  if 
i ot  beneficial,  under  the  circumstances.  The  interaction 
j stween  ferric  hydroxide  and  arsenious  acid  results  in  the 
I n-mation  of  insoluble  ferrous  arsenate.  {See  also  p.  171.) 


( 


> QUESTIONS  AND  EXERCISES 

I What  is  the  formula  of  a molecule  of  arsenium? — In  what  form 
I '>es  arsenium  occur  in  nature  ? — Describe  the  characters  of  white 
I senic.  Name  the  official  preparations  of  arsenium. — What  com- 
I >unds  of  arsenium  are  contained  in  Liquor  Arsenicalis,  B.P. , and 
I uqiior  Arsenici  Ilydrochloricus,  B.P.  ? — By  what  metliod  may  arsenic 
; reduced  to  arsenium? — Give  the  formulae  of  arsenious  and  arsenic 
ids  and  anhydrides. — Explain,  by  equations,  the  reactions  which 
■cur  in  converting  arsenic  into  sodium  arsenate. — Why  is  anhy- 
•ous  instead  of  crystallized  sodium  arsenate  employed  officially  ? — 
the  preparation  of  iron  arsenate  from  ferrous  sulphate  and  sodium 
-senate,  why  is  sodium  bicarbonate  included?  Describe  the  mani- 
ulations  necessary  to  obtain  arsenic  in  its  characteristic  crystalline 
trm. — How  is  Reinsch’s  test  for  arsenium  applied,  and  under  what 
•^cumstances  may  its  indications  be  fallacious  ? — Give  the  details  of 
marsh’s  test  for  arsenium,  and  the  precautions  to  be  observed.  Ex- 
i-ain  the  reactions  by  diagrams. — What  peculiar  value  has  F'leitmann’s 
sst  for  arsenium  ? — Describe  the  conditions  under  which  hydrogen 
Iphide  becomes  a trustworthy  test  for  arsenium. — How  may  a trace 
arsenious  sulphide  be  detected  in  sulphur? — How  are  salts  of  copper 
liid  silver  applied  as  reagents  for  the  detection  of  arsenium? — How 
be  arsenites  distinguished  from  arsenates  ? — Mention  the  best  antidote 
' cases  of  arsenical  poisoning  ; describe  the  process  by  which  it  may 
I"  most  quickly  prepared,  and  explain  its  action. 


ANTIMONY  : Sb  (Stibiuin).  Atomic  weight,  119 

Occurrence,  etc. — Ajitimony  occurs  in  nature  cliieHy  as 
I it;monious  sulphide,  Sb.,S3,  .itihnite.  I'be  crude  or  hlach 
uilimonq  of  pharmacy  is  tliis  native  sulpliide  freed  from 
inpurities  by  fusion  ; it  has  a striated,  crystalline,  lustrous 
'•acture ; subsequently  powdered  and,  if  it  contains  any 
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soluble  suit  of  arsenium,  the  latter  removed  by  digestion  in 
solution  of  ammonia,  it  forms  the  greyish-black  crystalline 
Anlimoniiim  Nignnn  Purijicalum,  B.P.  d'he  metal  is  obtained 
from  the  sulphide  by  roasting,  the  resulting  oxide  being 
reduced  with  charcoal  and  sodium  carbonate.  The  resulting 
scoria  is  known  as  crocus  of  antivionij  or  glass  of  antimony. 
Antimony  is  also  obtained  from  the  native  sulphide  by  heat- 
ing it  with  iron,  ferrous  sulphide  being  formed  at  the  same 
time.  Metallic  antimony  is  an  important  constituent  of  type- 
metal,  Britannia  metal,  and  the  best  varieties  of  pewter.  The 
old  poctila  emelica,  or  everlasting  emetic  cups,  were  made  of 
antimony  ; wine  kept  in  them  I'or  a day  or  two  was  said  to 
have  accpiired  an  emetic  (piality.  'I'he  metal  is  not  used  in 
making  oHicial  antimony  preparations,  the  sulphide  alone 
being,  directly  or  indirectly,  employed  for  this  purpose. 

Antimony  has  very  close  chemical  analogies  with  arsenium. 
Like  arsenium,  it  unites  with  iodine  to  form  a tri-iodide 
(Sbl.,).  A bromide,  Sbllr,,,  also  is  known. 

Antimonious  and  Antimonic  Chlorides 

Experiment  1. — Boil  about  half  an  ounce  of  antimonious 
sul])hide  with  four  or  five  times  its  weight  of  hydrochloric 
acid  in  a dish  jdaced  in  a fume-cupboard  or  in  the  open-air; 
hydrogen  sulphide  is  evolved  and  solution  of  antimonious 
chloride,  SbCl^,  is  obtained. 

Sb^S.,  + GHCl  = 2SbCl,,  + SH^S 

AntimonibuH  llyrlrocliloric  Antimonious  Hydrogen 

suli)liide  acid  clilorido  sulpliido 

This  solution,  cleared  by  subsidence,  is  what  is  commonly 
known  as  butter  oj  antimony.  If  pure  sulphide  has  been 
used  in  its  preparation,  the  liquid  is  nearly  colourless ; hut 
much  of  that  met  with  in  veterinary  pharmacy  is  simply  a 
by-product  in  the  generation  of  hydrogen  sulphide  from 
native  ferruginous  antimonious  sulphide  and  hydrochloric 
acid,  and  is  more  or  less  brown  from  the  j)rescnce  of  ferric 
chloride.  It  not  infrequently  darkens  in  colour  on  keejnng  ; 
this  is  due  to  absorption  of  oxygen  from  the  air,  and  con- 
version of  light-coloured  ferrous  into  dark-brown  ferric 
chloride  or  oxychloride.  It  is  a powerful  caustic. 

True  bxitter  of  antimony,  SbClg,  is  obtained  on  evaporating 
tbe  above  solution  to  a small  volume,  and  distilling  the  re.sidue. 
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he  butter  condenses  as  a white  ciystalline  semi-transparent 
lass  in  tlie  neck  of  the  retort  ; at  the  close  of  the  operation 
may  be  melted  and  allowed  to  flow  into  a bottle,  which 
lould  be  well  stoppered.  It  is  highly  corrosive. 

Antimony  pentachloridc  or  anlimonic  chloride,  SbCl^,  is  a 
Lming  liquid,  obtained  by  passing  chlorine  over  the 
richloride. 

Antimonious  Oxychloride 

Experiment  2. — Boil  the  solution  of  antimonious  chloride 
reduced  in  experiment  1,  and  pour  it  into  several  ounces 
F water  ; a white  precijiitate  of  antimonious  oxychloride, 
b^OjCl.,,  is  produced,  some  antimonious  chloride  remaining 
i the  supernatant  acid  liquid. 

This  precipitate  is  the  substance  formerly  known  as 
uh'ix  A/garothi,  pidvis  angelicus,  or  mcrcurius  vitae . It  varies 

>mewhat  in  composition,  according  to  tlie  amount  of  water 
ith  which  the  chloride  may  be  mixed;  but,  on  standing 
rider  water,  gradually  becomes  crystalline,  and  has  the  com- 
isition  given  above. 

4SbCl,  + .oH,0  = Sb,0,CI,j  + lOHCl 

Antimonious  \Vat»*r  Antimonious  Hydrochloric 

chlori«lH  oxychloride  * acid 

Antimonious  Oxide 

Experiment  3. — Wash  the  jirecipitate  obtained  in  experi- 
I ent  2,  thoroughly  with  water,  by  decantation  {see  p.  122), 
ind  add  solution  of  sodium  carbonate ; the  oxychloride  is 
lecomjiosed,  and  antimonious  oxide,  Sb,(),,  {Antimonii  Oxidum, 
..P.),  is  produced.  'I'he  latter  is  of  a light  buff  or  greyish- 
ihite  colour,  or  (|uite  white  if  absolutely  free  from  iron, 
■isoluble  in  water,  soluble  in  hydrochloric  acid,  fusible  at  a 
►1W  red  heat.  The  moist  antimonious  oxide  may  be  well 
Hashed  and  employed  for  experiment  1,  or  it  may  be  dried 
n a water-bath.  At  temperatures  above  212°  F.  (100°  C.)  it 
I isorbs  oxygen  and  other  antimony  oxides  are  formed.  I'he 
iresence  of  the  latter  may  be  detected  on  boiling  the  j)owder 
» solution  of  acid  potassium  tartrate,  in  which  antimonious 
iTside,  SbjO,,,  is  soluble,  but  (intimonic  anhydride,  Sb.,()., 
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find  antimony  tetroxicle,  Sb/)^  or  Sb.,()g  (Sb„().„  Sb.,0.),  are 
insoluble. 

Sb^O^Cl^  + Na.COg  = Sb^Oy  + 2NaCl  + CO, 

Antimonious  Soclium  Antimonious  Sodium  Carbonic 

oxychloride  carbonate  oxide  chloride  anhydride 

Antimonious  oxide,  besides  its  use  in  the  preparation  of 
tartar  emetic  (.ycc  below),  is  mixed  with  twice  its  weight  of 
calcium  phosphate  (purified  bone-earth)  to  form  Puhns  Anli- 
moiiialix,  B.P.,  or  ‘Clames’s  Powder.” 

The.  higher  mitimoiiii  oxide,  Sb,Or,,  termed  a»linio?ne  oxide 
or  auhijdride,  corresjionding  to  arsenic  anhydride,  is  obtained 
by  decomposing  the  pentachloride  with  Avater,  or  by  boiling 
metallic  antimony  with  nitric  acid.  The  variety  obtained 
from  the  chloride  differs  in  saturating  power  from  that  ob- 
tained from  the  metal,  and  is  termed  metantimonic  acid. 

Tartar  Emetic 

Experiment  4. — Mix  the  moist  antimonious  oxide  obtained 
in  experiment  3,  with  about  an  eepial  ([uantity  of  acid  potas- 
sium tartrate  (G  parts  of  the  latter  to  5 of  the  dry  oxide)  and 
suflicient  water  to  form  a paste  ; set  aside  for  a day  to  facili- 
tate complete  combination  ; boil  the  product  with  water,  and 
filter  ; the  resulting  liquid  contains  antimony  potassio-tartrate, 
tartarated  antimony,  or  tartar  emetic  (emetic,  from  e/xew,  emeo, 

I vomit)  KSbOC,H,,Oy. 

4KHC4H,(),j  -t-  Sb/)g  = 4KSbOC4H^Og  + 2H2O 

Acid  potassium  Antimonious  Tartar  emetic  Water 

tartrate  oxide 

On  evaporation,  the  salt  is  obtained  “in  colourless  trans- 
parent crystals  exhibiting  triangular  facets.”  These  contain 
Avater  of  crystallization,  and  are  represented  by  the  formula 
[K(SbO)C^H^Ojj],,  H^O  (^Antimonium  Tnrlnrnium,  B.P.). 

Tartar  emetic  is  very  commonly  represented  (as  above)  as 
potassium  antimonyl  tartrate  (SbO' = antimonyl).  It  seeftis 
almost  certain,  however,  that  it  is  really  the  jiotassium  salt 
of  tartrantimonious  acid,  HSbC,,H^Op  in  Avhich  antimony  is 
present  as  a part  of  the  acid  radical.  A solution  of  this  acid 
(which  is  very  unstable),  also  the  barium  and  several  other 
salts,  have  been  obtained. 
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Tartar  emetic  is  soluble  in  water,  and  slightly  so  in  60  per 
:-ent.  alcohol.  A solution  in  sherry  forms  the  official  Vinnm 
\ Antimoniale,  B.  h. 

Sulphurated  Antimony  and  other  Antimony 
Oxysulphides 

Experiment  5.  — Boil  a few  grains  of  antimonious  sulphide 
and  of  sulphur  with  solution  of  caustic  soda  in  a test-tube, 
«id  filter  (or  on  a larger  scale,  10  ounces  of  antimonious 
iuljdhde,  10  of  sulphur,  and  5 of  caustic  soda,  for  2 hours, 
Tequently  stirring,  and  occasionally  re})lacing  water  lost  by 
ivaporation).  Into  the  filtrate,  while  still  hot,  stir  dilute 
lulphuric  acid  until  the  liquid  is  slightly  acid  to  test-paper ; 

I in  orange-red  precipitate  is  produced.  Prepared  with  official 
I juantities,  this  precipitate,  when  filtered,  washed,  and  dried 

I >n  a water-bath,  is  sulphurated  antimony  (^Aniiviunium  Sulphur- 
! itiau,  B.P.).  It  is  a mixture  of  antimony  pentasulphide, 
^ 5b., S-,  with  a little  oxide  (Sb^O^;,  or  possibly  Sb^O-)  and  some 
;'ree  sulphur.  'I’he  oxide  results  from  the  interaction  of 

Liitimonious  sulphide  and  caustic  soda  in  the  presence  of  air. 

This  is  one  of  the  many  varieties  of  mineral  hermes,  so 
b ailed  from  their  similarity  in  colour  to  the  insert  kermes. 

• riennes  is  the  name,  now  obsolete,  of  the  Coecus  ilieis,  a sort 

* "f  cochineal-insect,  full  of  reddish  Juice,  and  used  since  the 

II  arliest  times  for  dyeing.  The  term  mineral  Icermes  was  ap- 
larentl)’  applied  originally  to  the  amorphous  or  precipitated 
) range  antimonious  sulphide,  Sb.,S.j.  It  afterwards  included 
-ny  mixture  of  this  with  oxysulphide  and  pentasulphide. 
\ brownish-red  variety  may  be  prepared  without  the  addition 
>f  any  free  sulphur;  the  colour  of  the  precipitate  is  then 
iffected  by  the  temperature  as  well  as  by  the  state  of  dilution 
if  the  alkaline  liquid  when  the  acid  is  added.  When  this 
.Ikaline  li(juid  is  boiled  in  contact  with  air,  oxygen  is 
[fisorbed  and  unites  with  some  of  the  antimony,  displacing 
ulphur  which,  in  turn,  converts  some  antimony  trisulphide 
nto  pentasul j)hide.  Kermes  may  be  formed  by  fusion  as  well 

I s by  boiling  the  components  in  ac[ueous  solution. 

Explanation  of  proeesscs. — The  antimony  sulphides  and 
Txide.s,  like  those  of  arsenium,  interact  with  the  sulphides  and 
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hydroxides  of  certain  metals  to  form  salts  which  are  more  or 
less  soluble  in  water.  Thus  when  antimonious  sulphide  is 
dissolved  in  hot  solution  of  caustic  soda,  sodium  metantimonite, 
NaSbO^,  and  meta-thiantimonite,  NaSbS.,,  are  formed  : in  the 
presence  of  sulphur,  sodium  metantimonate,  NaSbOg,  and 
sodium  thiantimonate  are  produced,  the  former  of  which  is 
sjiaringly  soluble. 

2Sb,S.,  + 4NaOH  = NaSbO.,  + 3NaSbS,  + 2H,0 

AiitimoTiiijus  Caustic  Horlium  ’ Sodium  ” Wafer 

suliilii(iii  soda  motaiitimoiiito  iiieta-tliiautimouitc 

4Sb,S,,  + SS  + 18NaOH  = SNaSbOg  + 5Na.,SbS.,  + 9H.p 

Autimordmis  Sulpliur  Caustic  Sodium  Soilium  Wafer 

sulpliidii  HO(ia  niotautimoiiato  tliiautimonato 

'I’lie  .salts  so  formed  in  hot  solutions  are  not  all  stable  in 
cold  solution.s,  and  antimony  oxide.s,  or  sulphides,  or  both,  are 
dcj)()sited  when  tlic  hot  solutions  cool.  Thus  sodium  meta- 
Lhiantimonitc  decomposesyielding  sodium  ortho-thiantimonite, 
NagSbSg,  and  a depo.sit  of  antimonious  sulphide,  Sb^Sg : 

3NaSbSg  = NagSbSg  + Sb,Sg 

In  tlie  preparation  of  kermes,  tlierefore,  the  acid  should  be 
added  to  the  .solution  obtained  on  boiling  up  the  necessaiy 
ingredients,  before  any  ])recipitate  has  separated  (that  is, 
before  the  .solution  is  cool),  if  uniformity  of  product  is  desired. 


2NaSb.S,  + 

Sodium  metii- 
Uiiautimonitu 

HgSO,  = 

Sulpluiric 

acid 

Na.,SO., 

SoiTium 

Buipiiato 

+ SbgSg 
Antimonious 
Huipiiide 

+ H.,S 

Hydrogen 

suiphido 

4NaSbO,  -t- 

Sodium 

mctanlimouitn 

2H.,SO,  = 

iSuipliuric 

acid 

2Na.gSOj 

Sodium 

suiphatc 

-t“  Sl)^0|j 

Antimonious 
oxide 

+ 2H,0 

Wafer 

2 NagSbSg  + 

iSoflium 

Uiiantinioiiato 

3H.,SO.,  = 

SuipTiuric 

aci(i 

3NagS()^ 

Sodium 

suiphatc 

+ Slh^s^  + 3H._,S 

Antimonic  Hydrogen 

sulpiddc  suipiddo 

2NaSbOg 

Sodium 

mctautimoiiatc 

+ = 
Sulpluiric 
acid 

Na„S().j 

Sodium 

sulpiiatc 

+ SbgO,  + 

Antimoldc 

oxide 

Ic 

The  oxides  and  suljdiides  indicated  in  these  equation.s, 
are  all  precipitated  when  the  acid  is  added,  and  form  the 
varieties  of  kermes. 


Aiialijtical  lieaclioiis  of  Anlmoiiioiis  Sails. 

1.  Through  an  acidified  antimonious  solution  pass  hydro- 
gen sulphide  ; an  orange  iwecipitate  of  amorphous  antimonious 
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I sulphide,  Sb.iSj,  is  produced.  It  has  the  same  composition  as 
I the  crystalline  black  sulphide  into  which,  indeed,  when  dried, 
it  is  quickly  converted  by  heat.  Like  arsenious  sulphide,  it 
is  soluble  in  solutions  of  alkali-metal  hydrosulphides  and 
' hydroxides.  Collect  a portion  on  a filter  and,  when  well 
I drained,  add  concentrated  hydrochloric  acid  ; it  dissolves — 

I lunlike  arsenious  sulphide. 

Antimonic  sulphide,  Sb.,S-,  corresponding  to  arsenic 
I sulphide,  As.,S^,  is  known.  It  is  formed  on  passing  hydrogen 
I .sulphide  through  an  acidulated  solution  of  antimonic  chloride, 
I SbCl-,,  or,  less  pure,  on  boiling  black  antimonious  sulphide 
; and  sulphur  with  a caustic  alkali,  and  decomposing  the  result- 
I ing  filtered  litpiid  by  means  of  an  acid. 

2.  Dilute  two  or  three  drops  of  a solution  of  antimonious 
1 chloride  with  water ; a white  precipitate  of  antimonious 
< oxychloride  is  produced  (.vec  experiment  2,  p.  207).  'I'he 
I production  of  a precipitate  in  these  circumstances  distin- 
I guishes  antimony  from  arsenium,  but  the  reaction  is  not 
( cajjable  of  being  applied  as  a delicate  discriminating  test  in 
analysis.  Add  a sufficient  quantity  of  hydrochloric  acid  to 
dissolve  the  j)recipitate,  and  boil  a piece  of  copper  in  the 
solution,  as  directed  in  the  corresponding  test  for  arsenium 
C^reaction  2,  p.  196);  antimony  is  deposited  on  the  coj)per. 
AVash,  dry,  and  heat  the  co])j)er  in  a test-tube  as  there 
described ; the  antimony,  like  the  arsenium,  is  volatilized 
off  the  copper  and  oxidized,  and  the  white  oxide  condenses 
on  the  side  of  the  tube;  but  the  sublimate,  from  its  low 
' degree  of  volatility,  condenses  close  to  the  copper  ; moreover, 
|it  is  generally  non-crystalline,  rarely  in  acicular  or  octa- 
thedral  crystals. 

ij  Shake  out  the  co]>per  and  boil  water  in  the  tube  for 
tfseveral  minutes.  Do  the  same  with  the  arscnic.al  sublimate 
I tsimilarly  obtained.  'I’he  lattt:r  slowly  dissolves,  and  may  be 
in-ecogniscd  in  tin;  solulif)n  by  means  of  silver  .■immonio- 
nitrate  ; the  antimonial  sublimate  is  insoluble. 

•1.  Perform  the  operations  described  under  Marsh’s  lest 
for  arsenium  (reaction  .3,  p.  197),  j)lacM7ig  the  a])par,Ttus 
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in  a well-ventilated  fume-eupboard  and  carefully  observing 
all  the  details  there  mentioned,  but  using  a few  drops  of 
solution  of  antimonious  chloride  or  of  tartar  emetic  instead  of 
the  arsenical  solution.  Antimony  hydride,  antimoniuretted 
hydrogen,  or  hydrogen  antimonide,  SbHg,  is  formed  and 
may  he  decomposed  in  the  same  way  as  arsenium  hydride. 

'I'o  one  of  the  arsenium  spots  on  the  porcelain  lid  (p.  199) 
add  a drop  of  a dilute  solution  of  hleaching-powder  ; it  quickly 
dissolves.  Do  the  same  with  an  antimony  spot;  it  is  un- 
affected. Heat  more  quickly  causes  the  volatilization  of  an 
arsenium  than  of  an  antimony  spot ; ammonium  hydrosul- 
phide more  readily  dissolves  the  antimony  than  the 
arsenium. 

Boil  water  for  several  minutes  in  the  beaker  or  wide 
test-tube  containing  the  arsenical  sublimate  (p.  199);  it 
slowly  dissolves,  and  may  he  recognised  in  tlie  solution  by 
tlie  vellow  precipitate  given  on  the  addition  of  solution  of 
silver  ammonio-nitrate.  Tlie  antimonial  sublimate,  similarly 
treated,  does  not  dissolve. 

Pass  a slow  current  of  hydrogen  sulphide  through  the 
delivery-tube  removed  from  the  hydrogen-apparatus  (p.  199), 
and  when  the  air  has  been  expelled  from  the  tube,  gently 
heat  that  portion  containing  the  deposit  of  arsenium ; the 
latter  will  be  converted  into  a yellow  sublimate  of  arsenious 
sulphide.  Remove  the  tube  from  the  hydrogen-sulphide 
apparatus,  and  repeat  the  experiment  with  an  antimony 
deposit ; it  is  converted  into  orange  antimonious  sulphide, 
which,  moreover,  owing  to  inferior  volatility,  condenses 
nearer  to  the  flame  than  the  arsenious  sulphide  does. 

Pass  dry  hydrochloric  acid  gas  through  the  two  delivery- 
tubes.  This  is  accomplished  by  adapting  first  one  tube  and 
then  the  other,  by  means  of  a cork,  to  a test-tube  containing 
a few  lumps  of  common  salt,  upon  which  a little  sulphuric 
acid  is  poured  prior  to  the  insertion  of  the  cork.  The  anti- 
monious sulphide  dissolves  and  disappears;  the  arsenious 
sulphide  is  unaffected. 

Antidote  m cases  of  Antinionial  Poisoning. — The  introduction 
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' of  poisonous  doses  of  antimonial  compounds  into  the  stomach 
i is  fortunately  quickly  followed  by  vomiting.  If  vomiting  has 
: : not  occurred,  or  apparently  to  an  insufficient  extent,  tannic 
I , acid  in  any  form  may  be  administered  (infusion  of  tea,  nut- 
1 1 galls,  cinchona,  oak-bark,  or  other  astringent  solutions  or 
; Itinctures),  an  insoluble  antimony  tannate  being  formed,  and 

I absorption  of  the  poison  being  thereby  somewhat  retarded. 

' The  stomach-pump  or  stomach-siphon  must  be  applied  as 

I I quickly  as  possible. 

Recently  precij)itated  moist  ferric  hydroxide  is  also, 
j according  to  T.  and  H.  Smith,  a complete  precipitant  of 
1 antimony  from  its  solutions,  the  chemical  action  being  prob- 
ably, they  say,  similar  to  that  which  takes  place  between 
ferric  hydroxide  and  arsenious  anhydride.  It  may  be  given 
I in  the  form  of  a mixture  of  ferric  chloride  with  either 
I sodium  carbonate  or  other  soluble  carbonate  or  bicarbonate, 
1 or  with  magnesia. 

These  statements  may  be  verified  by  mixing  together  the 
ivarious  substances,  filtering  and  testing  the  filtrate  for  anti- 
1 mony  in  the  usual  manner. 


QUESTIONS  AND  EXERCISES 

What  is  the  composition  and  source  of  “ Black  Anlimony"  ? — In  what 
illoys  is  metallic  antimony  a characteristic  ingredient? — What  is  the 
yuantivalence  of  antimony  as  far  as  indicated  by  the  formulae  of  the 
official  preparations ?— Show  by  an  etpiation  how  “Butter  of  Anti- 
: mony”  is  prepared. — Write  out  equations  or  diagrams  expressive  of 
:he  reactions  which  occur  in  converting  antimonious  chloride  into 
oxide. — What  is  the  formula  of  Tarfiir  Emetic? — Explain  by  .aid  of 
equations  the  preparation  of  Anlimonium  Suliihnralum,  B.P. — Give  a 
pomp.arative  statement  of  the  tests  for  arsenium  and  .antimony. — 
(How  is  antimony  detected  in  the  presence  of  arsenium  ? 

I' 

; TIN  : Sn.  Atomic  weight,  118  2 

L.,  ^^i'i'urrencc,  etc. — '1  he  chief  ore  of  tin  is  stannic  oxide, 
•5n().^,  occun'ing  in  veins  under  the  name  of  liii.stuiic,  or  in 
iilluvial  deposits  as  xlraim-lin.  The  oldest  mines  are  those  of 


214 


THE  METALLIC  KADICALS 


Cornwall.  Much  tin  is  now  imported  from  Australia.  The 
metal  is  obtained  by  reducing  the  roasted  and  washed  ore  by 
means  of  charcoal  or  anthracite*  coal  at  a high  temperature, 
and  is  purified  by  slowly  heating,  when  the  jnire  tin,  fusing 
first,  is  run  off,  a somewhat  less  fusible  alloy  of  tin,  with 
small  (juantities  of  arsenium,  eojijier,  iron,  or  lead  remaining. 
'I’he  latter  is  known  as  block  tin;  the  former  heated  till 
brittle  and  then  hammered  or  let  fall  from  a height  splits 
into  prismatic  fragments  resembling  those  of  starch  or  of 
columnar  basalt,  and  is  named  dropped  or  grain  tin.  Good  tin 
on  being  bent  emits  a crackling  noise,  which  is  termed  the 
“cry”  of  tin,  and  is  caused  by  the  friction  of  its  crystalline 
])arlicles  on  each  other. 

Hies. — 'J’in  is  an  important  constituent  of  such  alloys  as 
pewter,  Hritannia  metal,  solder,  speculum-metal,  bell-metal, 
gun-metal,  and  bronze.  It  is  very  ductile,  and  may  be  rolled 
into  plates,  or  into  leaves  known  as  tin  foil,  varying  from 
to  of  an  inch  in  thickness.  Common  tin  foil,  however, 
usually  contains  a large  projiortion  of  lead.  I'he  reflecting 
surface  of  looking-glasses  was  formerly  always  an  amalgam  of 
tin  and  mercury,  produced  by  carefully  sliding  a plate  of 
glass  over  a sheet  of  tin  foil  on  which  mercury  had  been 
rubbed,  and  then  excess  of  mercury  had  been  poured — but 
pure  silver,  deposited  from  a solution,  is  now  largely  employed. 
Pins  are  made  of  brass  or  iron  wire  on  which  tin  is  deposited. 
Tin  plate,  of  which  common  utensils  are  made,  is  iron 
alloyed  with  tin  by  dipping  acid-cleansed  sheet- iron  which 
has  been  immersed  in  melted  tallow,  into  vessels  containing 
melted  tin,  and  subsequently  heating  it  in  a bath  of  melted 
tallow,  which,  by  preventing  oxidation,  enables  the  tin  more 
completely  to  alloy  with  the  iron.  Tin  lacks  are  in  reality 
tinned  iron  tacks.  Tin  may  be  granulated  by  melting  it 
and  triturating  it  briskly  in  a hot  mortar;  or  by  shaking 
melted  tin  in  a box,  on  the  inner  sides  of  which  chalk  has 
been  rubbed.  It  may  also  be  obtained  in  thin  bell-shaped 
or  corrugated  fragments  (Tin,  B.P.),  by  melting  it  in  a 
ladle,  and,  as  soon  as  it  is  fluid,  pouring  it  from  the  height 
of  a few  feet  into  water.  Powdered  tin  has  been  used 

* Anlhracile  (from  &vOpa^,  anthrax,  a burning  coal',  or  stone  coat, 
differs  from  the  ordinary  hUnminons  or  rakin;/  coal  in  containing  less 
volatile  matter,  and,  therefore,  in  hiirning  without  flame.  It  gives  a 
higher  temperature,  and  horn  its  nop-caking  properties,  is,  in  turnnee 
operations,  more  manageahle  than  hituminous  coal. 
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nedicinally  as  a nieolianical  irritant  to  promote  expulsion  of 
voruis.* 

Tin  forms  two  sets  of  comjmunds  wliich  are  called 
ttannous  and  stannic,  respectively.  They  correspond  to 
he  two  oxides,  SnO  and  SnO.,. 

Stannous  Chloride 

K.rpcriiiieiit  1. — Warm  a fragment  of  tin  with  hydrochloric 
icid  ; hydrogen  escapes  and  a solution  of  stannous  cldoride, 
5nCl.„  is  formed.  It  may  be  retained  for  future  experiments. 

The  solution  obtained  by  dissolving  tin  in  hot  dilute 
jydrochloric  acid  (some  undissolved  tin  being  kept  in  the 
i(juid)  constitutes  the  “Solution  of  Stannous  Chloride,”  B.P. 

Solid  Stannous  Chloride. — By  evaporation  of  the  above 
solution,  stannous  chloride  is  obtainable  in  ciystals,  SnC'l.,, 
It  is  a powerful  reducing  agent,  even  a dilute  solu- 
ion  precipitating  gold,  silver,  and  mercury  from  their  solu- 
tions, converting  ferric  and  cupric  into  ferrous  and  cuprous 
salts,  and  partially  deoxidizing  arsenic,  manganic,  and  cliromic 
tcids.  It  absorbs  oxygen  from  the  air,  and  is  decomposed 
vhen  added  to  a large  cpiantity  of  water  unless  some  acid  be 
sresent.  It  is  used  ;is  mordsint  in  dyeing  and  c.alico-printing. 

Stannic  Chloride 

K.rperinient  '2. — Pass  chlorine  through  ;i  portion  of  the 
olution  of  the  stsinnous  chloride  of  the  preeeding  ex]>eri- 
Tient ; a solution  of  stannic  chloride,  Sn('l|,  is  formed.  Or 
idd  hydrocldoric  acid  to  the  stannous  solution,  boil,  and,  in  a 
1 ume-cupboard,  slowly  drop  in  nitric  acid  until  no  more  fumes 
jire  evolved;  again  stannic  chloride  results.  Reserve  the 
[iolutions  for  subseciuent  ex])eriments. 

Stannic  Oxide,  or  Anhydride,  and  Stannates 

h.rperinienl  3. — Boil  a fragment  of  tin  with  nitric  acid, 
ivapm'ate  to  dryness,  and  strongly  iginte  the  residue  ; light 

* Ihe  hairs  of  the  pod  of  Khrarh  (I  lindiistaiii)  or  ( 'owIkuji'  (Miinnia 
or«n’(?n»)  (P.  I. ) i.s  almost  tlie  only  other  medicine  (excluding  diluents 
»ind  dentitriees)  which  acts  in  such  a directly  meeh.-inie.'d  m.anner. 
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bufF-tinted  stannic  anhydride,  SnO^,  is  produced.  Heat  the 
stannic  anhydride  with  excess  of  solid  caustic  potash  or  soda ; 
stannate  of  the  alkali-metal  (K^SnOg  or  Na^SnOg)  results. 
Dissolve  the  stannate  in  water,  and  add  hydrochloric  acid ; 
white  gelatinous  stannic  acid,  H^SnOg,  is  precipitated. 

Stannic  acid  is  also  obtained  on  adding  a solution  of  a 
caustic  alkali  to  solution  of  stannic  chloride  ; it  is  soluble  in 
excess  of  acid  or  of  caustic  alkali.  The  precipitate  in  this 
case  appears  to  correspond  to  the  formula  H^SnO,,  but  it 
easily  loses  water  and  becomes  H„SnOg. 

SnCl.,  -t  4.KOH  = H.,SnO.,  + 4KC1 
Sn(OH).,  = HgO  + H.,SnOg 

'J’he  j)roduct  of  the  action  of  nitric  acid  on  tin  is  also  an 
acid,  but  it  is  different  from  ordinary  stannic  acid  inasmuch 
as  it  is  converted  by  hydrochloric  acid  into  metastannic 
chloride,  which  is  insoluble  in  moderately  concentrated  hydro- 
chloric acid  although  soluble  in  water.  It  is  called  meta- 
stannic acid,  and  its  molecule  probably  has  the  composition 
cx])ressed  by  the  formula  H2oSng02Q.  If  dried  over  sul- 
phuric acid,  or  at  100°  C.,  it  becomes  HjgSiigOjr,  (sodium 
salt,  HgNa.,Sip_(),r,).  This  latter  substance  is  also  produced 
by  gently  heating  the  acid  resulting  from  the  interaction  of 
caustic  potash  and  stannic  chloride. 

5H^SnO.,  = -f  hHgO 

Both  acids  yield  buff-coloured  stannic  oxide  or  anhydride, 
SnO,„  when  strongly  heated.  The  latter  is  employed  in 
polishing  plate  under  the  name  of  jndty  powder.  Sodium 
.stannate,  Na.2Sn0g,.3H20,  is  used  as  a mordant  by  dyers  and 
• calico-printers  under  the  name  of  tin  prepare- liquor. 


Analytical  Reactions  of  Tin  Compounds. 

Stamwus  or  Stannic  Salts. — Heat  any  solid  compound  of  tin 
with  a mixture  of  potassium  cyanide  and  sodium  carbonate  on 
charcoal  in  the  inner  flame  of  the  blowpipe.  Hard  globules 
of  tin  separate  which,  when  cut  by  a knife,  exhibit  a character- 
istic bright  white  surface. 
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Reactions  of  Stannous  Sails. 

1.  Through  a dilute  solution  of  a stannous  salt  (stannous 
hloride,  for  example)  pass  hj’drogen  sulphide ; a brown  pre- 

I'ipitate  of  stannous  sulphide,  SnS,  results.  Pour  off  the 
supernatant  liquid,  add  solution  of  ammonia  to  the  moist 
precipitate  (to  neutralize  acid),  and  then  ammonium  hydro- 
sulphide  solution  ; the  precipitate  is  at  least  partially  dissolved. 
The  addition  of  some  sulphur  and  the  application  of  heat  may 
be  necessary  to  effect  complete  solution. 

Aqueous  solution  of  ammonium  hydrosulphide  becomes 
[yellow  when  a da)^  or  two  old,  and  then  contains  excess  of 
Kulphur,  some  of  that  element  having  become  displaced  by 
oxygen  absorbed  from  the  air.  As  a consequence  of  this  (or 
by  the  aid  of  the  added  sulphur),  the  stannous  sulphide,  SnS, 
takes  up  suljshur  and  dissolves  to  form  ammonium  thiostan- 
rnate.  P'rom  this  solution  yellow  stannic  sulphide  (usually 
anixed  with  sulphur)  is  precipitated  by  the  addition  of  excess 
•of  an  acid. 

2SnS  + 4NH^HS  + S„  = 2(NHJ„SnS3  + 2H„S 
(N  HJ^SnSg  -t  2 HCl  = 2NH^C1  + H.^S  + SnS, 

2.  To  a solution  of  a stannous  salt  add  solution  of  caustic 
potash  or  caustic  soda ; a white  precipitate  of  stannous 
hydroxide,  Sn(OH),,  is  produced.  Add  excess  of  the  alkali ; 
the  jjrecipitate  dissolves.  Boil  the  solution  ; some  of  the  tin 
is  reprecipitated  as  blackish  stannous  oxide,  SnO.  Ammonia 
■gives  a similar  white  pi'ecipitate,  insoluble  in  excess.  The 
alkali-metal  carbonates  do  the  same,  carbonic  anhydride 
escaping. 

j Reactions  of  Stannic  Salts. 

I 1.  Through  a solution  of  a stannic  salt  (stannic  chloride, 
( for  example)  pass  hydrogen  sulphide  ; a yellow  precipitate  of 
I stannic  sulphide,  SnS,,  results.  Pour  off  the  supernatant 
j liquid,  and  to  the  moist  precipitate  add  ammonia  (to  neutralize 
I acid),  and  then  ammonium  hydrosulphide  ; the  precipitate 
I dissolves. 

Sole. — In  this  reaction  the  presence  of  much  hydrochloric 
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acid  must  be  avoided,  and  the  formation  of  tlie  precipitate  is 
facilitated  if  the  solution  be  warmed.  Stannic  sulphide,  like 
tlie  arsenium  and  antimony  sulphides,  dissolves  in  solutions 
of  alkali-metal  sulphides  or  hydrosulphides,  with  formation  of 
definite  crystallizable  tlnostamialcs  (M.,SnS,^). 

Anhi/drous  siannic  xu/phulc,  prepared  by  sublimation,  has 
a yellow  or  oi'ange  lustrous  appearance,  and  is  known  as 
vioxaic  gold.  It  was  formerly  used  by  decorators  as  hrunziug- 
poirdrr,  but  the  latter  now  usually  consists  of  jiowdered 
f>roiise-/cqf. 

‘2.  'I’o  a solution  of  a stannic  salt  add  caustic  potash  or 
caustic  soda  ; a white  precipitate  of  stannic  acid,  H.jSnOg,  is 
produced.  Add  exce.ss  of  the  alkali  ; the  precipitate  dissolves. 
Hoil  the  mixture;  no  I'eprccipitation  occur.s — a reaction  by 
means  of  wliieh  stannic  may  be  distinguislied  from  stannous 
sails. 

Solution  of  ammonia  gives  a similar  precipitate  slowly 
soluble  in  excess.  Potassium  and  sodium  cai'bonates  do  the 
same,  carbonic  anhydride  escajnng ; after  a time  the  stannic 
salt  is  again  deposited,  probably  as  potassium  or  sodium  stan- 
nate.  Ammonium  carbonate  and  all  the  bicarbonates  give  a 
j)recipitate  of  stannic  acid,  insoluble  in  excess. 

Separation  of  Aniimoni/  and  Tin. — If  a piece  of  iron  wire  be 
placed  in  the  acid  (HCl)  solution  of  the  two  metals,  a black 
precipitate  of  antimony  is  formed,  and  the  tin  is  reduced  to 
the  stannous  condition;  the  latter  may  be  detected  by  the 
addition  of  mercuric  chloride  solution,  when  a M’hite  precij)i- 
tatc  of  mercurous  chloride  is  produced. 

2HgCP  + SnCk  = SnCl.,  + 2HgCl 

Antidolex. — In  cases  of  poisoning  by  tin  salts  (e.g.,  dyers 
tin-liquor),  solution  of  ammonium  carbonate  shouid  be  given  ; 
and  white  of  egg  is  also  said  to  form  an  insoluble  precipitate. 
Vomiting  should  be  induced,  and  the  stomach  - j)umj),  or 
stomach-siphon,  applied. 

GOLD  : All.  Atomic  weight,  195'7 

OccniTcnce,  etc. — Gold  occurs  in  the  free  state  in  nature, 
occasionally  in  nodules  or  nnggetx,  but  in  alluvial  dejio.sits 
commonly  in  a finer  slate  of  division  termed  gold  duxt.  Gold 
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j separated  from  sand,  crushed  quartz,  or  other  earthy  matter 
1 ith  which  it  may  be  associated,  by  agitation  with  water,  when 
! le  gold,  from  its  relatively  greater  specific  gravity,  falls  to 
le  bottom  of  the  vessel  first,  the  greater  part  of  the  ligliter 
( ineral  matter  being  carried  away  by  the  water.  From  the 
j ch  sediment  the  gold  is  dissolved  out  by  mercury  ; the  amal- 
1 im  is  filtered  and  afterwards  distilled,  when  the  mercury 
I ilatilizes  and  gold  remains.  The  amalgamation  may  be 
j cilitated  by  the  use  of  sodium,  as  described  under  silver. 

I rom  even  the  poorest  ores  gold  may  be  dissolved  by  solution 
( ‘ potassium  cyanide  in  presence  of  air.  (<SVc  Faraday  on  gold 
j af,  1857.)  8KCN  + lAu  + O.  + 2H.,0  = 4KAu(CN),  + 4KOH. 

Pure  gold  is  too  soft  for  use  in  the  form  of  coins  for  general 
t rculation.  Gold  coin  is  usually  an  alloy  of  copper  and  gold, 

I lat  of  Great  Britain  containing  1 of  the  former  to  11  of  the 
S itter,  or  81  per  cent,  of  copper;  that  of  France,  Germany, 

1 ad  the  United  States  contains  about  10  jier  cent,  of  copper, 
i ustralian  gold  coins  contain  silver  instead  of  copper  as  alloy. 
i Fiedlers'  gold  varies  in  quality,  every  24  parts  containing  18, 
5,  12,  or  9 parts  of  gold,  these  alloys  being  technically 
I rmed  18,  15,  12,  or  9 carat  fine,  the  reckoning  being  in 
ne  old  “ parts  per  24,”  instead  of  the  more  usual  parts  per 
snt.  Articles  made  of  the  better  qualities  are  usually 
.amped  by  authority.  Trinkets  of  inferior  intrinsic  worth 
re  often  thinly  coated  with  pure  gold  by  electro-deposition 
r otherwise.  The  so-called  mijderij  gold  is  an  alloy  of  about 
part  platinum  and  2 parts  co|)per  with  a little  silver.  It 
usists  the  action  of  concentrated  nitric  acid.  The  action  of 
qua  regia  and  then  ammonia  reveals  the  presence  of  copper 
n it.  Gold  leaf  is  nearly  pure  gold  (I),  to  4 per  cent,  of 
Iver  or  copper,  according  to  the  lighter  or  darker  tint 
Inquired)  passed  between  rollers  till  it  is  about  of  an 
Inch  in  thickness  and  then  hammered  between  sheets  of 
minimal  membrane,  termed  gold-beaters’  skin,  and  calf-skin 
jiellum,  till  it  is  reduced  to  -fiyTyVoo  ^ooViiTTr 
riickness.  It  may  even  be  hammered  till  280000  leaves 
= "ould  be  reejuired  to  form  a pile  an  inch  thick. 

Gold  C oinage. — The  weight  of  gold  is  expressed  in  this 
’.ouiitry  in  ounces,  and  decimal  parts  of  an  ounce,  troy  ; and 
he  metal  is  always  taken  to  be  of  standard  fineness  (1 1 gold 
’ ind  1 alloy)  unless  otherwise  described.  The  degree  of  fine- 
■ ess  of  gold,  as  ascertained  by  assay,  is  expressed  decimally. 
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fine  pure  gold  being  taken  as  unity,  or  I’OOO.  Thus  gold  of 
British  standard  is  said  to  be  0'9166  fine,  of  French  standard 
0'900  fine.  The  legal  weight  of  the  sovereign  is  0*2568 
ounce  of  standard  gold,  or  123-274  grains;  the  weight 
coming  from  one  pound  of  standard  gold  (5760  grains) 
being  coined  into  44^  guineas.  Gold  coins  are  legal  tender 
to  any  amount,  provided  that  the  weight  of  each  sovereign 
does  not  fall  below  122-5  grains,  or  in  the  case  of  a half- 
.sovereign  6T125  grains;  these  are  tlie  “least  current” 
weights  of  the  coins. 

E.vperivieiil. — I’lace  a fragment  of  gold  (e.g.,  gold  leaf) 
in  ten  to  twenty  droj)S  of  aqua  regia  (a  mixture  of  three  parts 
of  nitric  and  four  or  five  of  hydrochloric  acids),  and  set 
aside  in  a warm  j)lace  (in  a fume-cuphoard) ; a solution  of 
chlorauric  acid,  HAuCl  , (formerly  regarded  as  a solution  of 
gold  trichloride  or  auric  chloride,  AuCl^),  results.  Evaporate 
nearly  to  dryness  to  i-emove  most  of  the  excess  of  acid,  dilute 
with  water,  and  retain  the  solution  for  subsequent  experi- 
ments. Such  a solution  is  official  (Solution  of  Auric  Chloride, 
B.P.).  Chlorauric  acid  is  very  deliquescent.  Sodium  chlor- 
aurate,  NaAuCl,,  is  a readily  cry.stallizablc  salt. 

'I'his  reaction  is  of  analytical  interest ; for  in  examining 
a substance  suspected  to  be  or  to  contain  metallic  gold, 
solution  would  have  to  be  effected  in  the  above  way  before 
reagents  could  be  applied,  as  gold  is  insoluble  in  hydrochloric, 
nitric,  or  any  other  single  acid. 

Anahjlical  Reactions  of  Gold. 

1.  Through  a few  drops  of  solution  of  a chloraurate  or 
of  an  auric  salt  (the  chloride,  AUCI3,  is  the  only  convenient 
auric  salt)  pass  hydrogen  sulphide  in  the  cold  ; a black  pre- 
cipitate of  aurous-auric  sulphide,  Au.iSj,  is  jiroduced.  This 
precipitate  dissolves,  with  difficulty,  in  yellow  ammonium 
sulphide.  If  the  hydrogen  sulphide  be  passed  through  a 
boiling  solution,  a brown  precipitate  of  metallic  gold  is  ])ro- 
duced. 

2.  To  a solution  of  a chloraurate  or  of  a gold  salt  add  a 
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rrous  salt,  and  set  aside;  metallic  gold  is  precipitated  in 
le  form  of  a yellowish  or  reddish-brown  lustrous  powder, 
ferric  salt  remaining  in  solution.  Oxalic  acid,  also,  and 
ost  free  metals  similarly  precipitate  gold,  the  supernatant 
juid  acquiring  a purplish  hue. 

This  is  a convenient  way  of  preparing  pure  gold,  or  Jine. 
fid,  as  it  is  termed,  or  of  working  up  the  gold  residues  from 
boratory  operations.  The  precipitate,  after  boiling  with 
rdrochloric  acid,  washing  and  drying,  may  be  obtained  as 
t ! button  by  mixing  with  an  equal  weight  of  borax  or  acid 
iptassium  sulphate  and  fusing  in  a crucible  in  a good  furnace. 

1 3.  Add  a few  drops  of  dilute  solutions  of  stannous  and 

( ennic  chlorides  to  a considerable  quantity  of  distilled  water  ; 
I »ur  the  liquid,  a small  quantity  at  a time,  into  a very  dilute 
i lution  of  auric  chloride,  and  stir  well ; the  mixture  assumes 
j purple  tint,  and  flocks  of  a precipitate,  known  as  the  Purple 
\ ' Cassiux  (from  the  name  of  the  discoverer,  M.  Cassius),  are 
I ‘oduced.  The  i)resence  of  more  than  a trace  of  free  acid 
I ust  be  avoided. 

I Purple  of  Cassius  is  also  formed  on  immersing  a piece  of 
1 foil  in  a solution  of  auric  chloride ; it  is  said  to  be  a 
ixture  of  auric,  aurous,  stannic,  and  stannous  oxides  ; but 
cent  experiments  suggest  that  it  may  be  merely  stannic 
id,  mechanically  coloured  with  metallic  gold.  It  is  the 
louring  agent  in  the  flner  varieties  of  ruby  glass. 

PLATINUM  : Pt.  Atomic  weight,  193'3 

' (kTurrcncc.  —Platinum,  like  gold,  occurs  in  nature  in  the 
£e  state,  the  chief  sources  of  supply  being  Mexico,  brazil, 
d .Siberia.  Alloyed  with  iridium,  osmium,  and  other  rare 
etals,  it  is  met  with  in  the  form  of  grey  grains  or  powder 

alluvial  deposits,  frecpiently  associated  with  gold.  It  is 
I [>arated  from  the  soil  by  washing. 

t I sc.s. — Platinum  is  chiefly  employed  in  the  form  of  foil, 
I re,  crucible.s,  spatulas,  capsules,  eva])orating-dishes,  ami 
I 11s,  for  the  purposes  of  the  analyst  and  chemical  manufac- 
I rer.  It  is  tolerably  hard,  fusible  with  very  great  difliculty. 
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and  not  dissolved  by  hydrochloric,  nitric,  or  suljjhuric  acid ; 
but  it  is  somewhat  readily  attacked  by  alkaline  substances. 
It  is  dissolved  by  aqua  regia  with  production  of  chloroplatinic 
acid,  H^l’tCl^..  It  forms  fusible  alloys  with  lead  and  other 
metals,  and  with  phosphorus  an  easily  fused  phosphide. 
None  of  these  substances,  therefore,  nor  mixtui'es  which  may 
yield  any  of  them,  should  be  heated  in  platinum  vessels. 
Hammered  platinum  vessels  are  the  most  durable.  They 
are  best  cleaned  by  fusing  a small  quantity  of  acid  potassium 
sulphate  in  them,  and  dissolving  out  the  fused  salt  by  boiling 
in  water.  They  should  not  be  either  heated  or  cooled  very 
suddenly.  They  should  only  be  heated  in  the  upper  portion 
of  tlie  llunsen  or  blowpipe-flame,  as  exposure  to  the  lower 
parts  of  these  flames,  which  contain  incompletely  burnt  gases, 
gives  rise  to  the  formation  of  a brittle  carbide.  Red-hot 
platinum  vessels  should  not  be  permitted  to  come  into  con- 
tact with  any  metallic  support,  unless  one  made  of  platinum. 

Tlie  specific  gravity  of  platinum  is  2T5  ; and  that  of  the 
allied  metal,  indium,  22’4. 

Kxpc.nmcitl. — Place  a fragment  of  platinum  in  a small 
([uantity  of  acpia  regia,  and  set  the  vessel  aside  in  a warm 
place  (in  a fume-cujjboard),  adding  more  acid  from  time  to 
time  if  necessary ; a solution  of  chloroplatinic  acid,  H^PtCl^ 
(formerly  regarded  as  simply  a solution  of  platinic  chloride, 
PtCl,),  results.  Evaporate  the  solution  to  remove  excess  of 
acid,  and  complete  the  desiccation  over  a water-bath. 
Dissolve  the  residue  in  water,  and  retain  the  solution  for 
subsequent  experiments,  and  as  a reagent  for  the  precipita- 
tion of  potassium  and  ammonium  salts.  Platinum  treated  in 
this  manner,  and  the  resulting  chloroplatinic  acid  dissolved 
in  watei",  forms  “Solution  of  Platinic  Chloride,”  B.P. 

Analplical  Reaclion.s  oj  PUdinum. 

1.  Through  a few  drops  of  a solution  of  a chloroplatinate, 
or  of  a platinic  salt  to  which  an  equal  quantity  of  solution 
of  sodium  chloride  has  been  added,  pass  hydrogen  .sulphide : 
a dark-brown  precipitate  of  platinic  sulphide,  PtS^,  is  pro- 
duced. Filter,  wash,  and  add  ammonium  hydrosulphide;  the 
j)recipitate  dissolves,  with  some  difficulty. 
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If  sodium  chloride  be  not  present  in  the  above  reaction, 
e ])recipitated  sulphide  will  contain  platinous  chloride,  and 
ay  detonate  if  heated. 

2.  Add  excess  of  sodium  carbonate  and  some  sug’ar  to  a 
lution  of  a chlorojilatinate  or  of  platinic  chloride,  and  boil  ; 
black  precipitate  of  metallic  platinum  is  pi’oduced. 

Platinum  black  is  the  name  of  this  precipitate.  Jt  possesses 
a high  degree  a quality  common  to  many  substances,  of 
lich  platinum  is  a notable  examjjle  — that,  namely,  of 
sorbing  or  occluding  gases.  In  its  ordinary  state,  after 
ill  washing  and  drying,  it  absorbs  from  the  air  and  retains 
any  times  its  own  volume  of  oxygen,  A droji  of  ether  or 
;ohol  placed  on  it  is  rapidly  oxidized,  the  platinum  becom- 
g hot.  This  action  may  be  prettily  shown  by  jiouring  a 
Vf  drops  of  ether  into  a beaker,  loosely  covering  the  latter 
th  a card,  through  which  there  passes  a platinum  wire,  the 
wer  end  of  which  terminates  in  a short  coil  or  helix  near 
e surface  of  the  ether  : on  now  warming  the  helix  in  a 
me  and  then  rapidly  introducing  it  into  the  beaker,  it  will 
come  red-hot  and  continue  to  glow.  In  this  experiment 
iTtial  combustion  goes  on  between  the  ether  vapour  and 
e concentrated  oxygen  of  the  air,  the  products  of  the 
idation  revealing  themselves  by  their  odour  (chiefly  that 
formaldehyde). 

3.  To  a solution  of  a chloroplatinate  or  of  platinic  chloride 
cl  solution  of  ammonium  chloride ; a yellow  ciystalline 
ecipitate  of  ammonium  chloroplatinate,  (NII,)„FtClj;,  is 
oduced.  When  it  is  slowly  formed  in  dilute  solutions,  the 

I ecipitate  is  obtained  in  minute  orange  prisms.  Collect  the 
I ecipitate,  dry  it,  and  heat  it  in  a small  crucible;  it  is 
: composed,  and  metallic  ])latinum,  in  a finely  divided  grey 
iite  {^pongi/  jdalinu/n'),  remains. 

Potassium  chloride,  KCl,  gives  a similar  precipitate  of 
i tassiurn  chloroplatinate,  K.,1TC1|;.  Heat  (lecom])osc.s  the 
( tassium  salt  into  Pt -f- 2KC1  + 2C1.,,  the  chloi'iiur  csca])ing 
! d the  j)otassium  chloride  remaining  with  the  platinum. 

I 1 he  corresponding  sodium  compound,  Na.,PtCl|.,  is  soluble 
I water. 
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In  working  up  the  platinum  residues  from  laboratory  operations, 
the  mixture  should  be  dried,  burnt,  boiled  successively  with 
hydrochloric  acid,  water,  nitric  acid,  water,  then  dissolved  in 
aejua  regia,  excess  of  acid  being  removed  by  evaporation. 
Ammonium  chloride  is  then  added,  the  precipitate  washed 
with  water,  dried,  ignited,  and  the  resulting  spongy  platinum 
retained  or  converted  into  chloroplatinic  acid.  It  is  by  such 
j)rocesses  tliat  the  native  platinum  is  treated  to  free  it  from 
tlie  rare  metals  palladium,  rhodium,  osmium,  ruthenium,  and 
iridium,  'i'he  spongy  idatinum  is  converted  into  the  massive 
condition  by  hammering  it  when  hot,  or  by  fusing  it  in  the 
Hame  of  the  oxyhydrogen  blowjupe. 

Occlusion  of  gases  by  spongy  platinum. — S])ongy  platinum 
has  great  power  of  occlusion.  A small  piece  held  in  a jet  of 
hydrogen  whicli  is  e.scaping  into  the  air,  causes  combination 
of  the  hydrogen  with  the  oxygen  (of  the  air)  occluded  by  the 
platinum.  'J'he  heat  given  out  by  this  combination  eventu- 
ally raises  the  j)latinum  to  a red  heat  and  the  red-hot  platinum 
kindles  the  hydrogen  jet.  Ddbereiner’s  self-lighting  lamp 
was  constructed  to  take  advantage  of  this  property — the 
apparatus  being  essentially  a vessel  in  which  hydrogen  was 
generated  by  the  action  of  dilute  sulphuric  acid  on  zinc, 
and  so  arranged  that  on  opening  the  stopcock  a jet  of  hydro- 
gen impinged  on  some  spongy  platinum  contained  in  a small 
cage. 


QUESTIONS  AND  EXERCISES 
Define  tinstone,  stream-tin,  block-tin,  (/raho-tin,  tin  idute. — What  is 
the  difference  between  stannic  acid  and  metastannic  acid  ? — State  the 
applications  of  tin  in  the  arts. — Mention  the  chief  tests  for  stannous  and 
stannic  salts. — Name  the  best  antidote  in  cases  of  poisoning  by  tin 
solutions. — How  is  gold  dust  separated  from  the  earthy  matter  witli 
which  it  is  naturally  associated? — How  much  pure  gold  do  British 
coin  and  jewellers’  gold  contain  ? — State  the  average  thickness  of  gold 
leaf.  —What  is  the  weight  of  a sovereign  ? — Explain  the  term  “fineness” 
as  applied  to  gold. — What  effect  is  produced  on  gold  by  hydrochloric, 
nitric,  and  nitrohydrochloric  acids  respectively? — By  what  reagents 
may  metallic  gold  be  precipitated  from  solution? — How  is  “purple  of 
Cassius”  prepared? — Whence  is  platinum  obtained? — Why  arc  plati- 
num utensils  peculiarly  adapted  for  use  in  chemical  laboratories  ?— How 
is  chloroplatinic  acid  prepared? — Name  the  chief  tests  for  platinum. — 
What  is  “platinum  black”? — What  is  meant  by  occlusion  of  gases?— 
Describe  an  experiment  illustrating  the  power  of  occluding  gases, 
posses.sed  by  mebiUic  platinum. — How  is  “spongy  platinum”  pro- 
duced?— By  what  process  may  platinum  be  recovered  from  residues? 
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IRF.CTIONS  FOU  APPLYING  THE  REACTIONS  DESCRIHED  IN  THE  FORE- 
GOING PARAGRAPHS  TO  THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION 
OF  A COMPOUND  OF  ONE  OF  THE  ELEMENTS  ARSENIUM  AND 
antimony;  ALSO  OF  TIN  IN  THE  FORM  OF  A STANNIC  SALT.* 

Acidulate  tlie  liquid  with  hydrochloric  acid,  and  jiass 
ydrogen  sulphide  througli  it 

An  orange  precipitate  indicates  antimony. 

A yellow  precipitate  indicates  arsenium  or  a stannic  salt, 
o distinguish  between  arsenium  and  stannic  salt,  test  the 
iginal  solution  Avith  ammonia  and  with  potassium  hydroxide, 
o precipitates  : arsenium  indicated.  For  behaviour  of 

finnic  salt  compare  p.  218. 

'J'he  results  may  be  confirmed  by  the  ajiplication  of  otlier 
sts. 


HF.CTIONS  FOR  APPLYING  THE  REACTIONS  DESCRIUED  IN  THE  FORE- 
GOING PARAGRAPHS  TO  THE  ANALYSIS  OF  AN  AQUEOUS  SOLUTION 
OF  COMPOUNDS  OF  ROTH  ARSENIUM  AND  ANTIMONY;  ALSO 
POSSIBLY  CONTAINING  TIN  IN  THE  FORM  OF  A STANNIC  SALT. 

Acidulate  a small  portion  of  the  licpiid  witli  hydrochloric 
id,  and  pass  hydrogen  suljihide  through  it. 

Sole  1. — If  the  hydrogen  sulphide  jirecipitate  is  unmistak- 
ly  orange,  antimony  may  be  put  doMii  as  present,  and 
-ieniuin  only  further  sought  by  the  application  of  Fleitmann’s 
st  to  the  original  solution,  or  to  the  solution  of  the  suljihidcs 
a(|ua  regia t freed  from  suliihur  by  boiling. 

Sole  2. — Antimonious  suljihide  is  far  less  readily  solubh' 

* Stannic  solutions  are  rarely  met  with,  but  these  solutions  are 
alt  with  here,  and  in  the  analytical  directions  immediately  following, 
cause  in  the  ordinary  course  of  systematic  analysis,  tin  (wliether 
tsent  originally  as  stannous  or  as  sbinnie  .salt)  is  eventually  ]>re- 
•itated  as  yellow  xlannic  sulphide  along  with  arsenium  and  antimony 
phides,  prior  to  its  separation  from  arsenium  and  antimony, 
t jiqwi  Rei/ia  is  a mixture  of  hydroi-ldorie  acid  and  nitric  acid.  It 
s so  called  from  its  property  of  dis.solving  gold,  the  “ king  ” of  metals, 
ur  volumes  of  hydrochloric  acid,  three  of  nitric  acid,  and  twenty-five 
water,  mixed  and  .set  aside  in  a glass-stoppered  bottle  for  a fort- 
I jht,  form  Arklnm  S'ilrohjid rorhlorimm  l>!ht/nni,  li.  1’. 
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than  arsenious  sulphide  in  solution  of  ammoniuin  carbonate. 
Hut  this  fact  possesses  limited  analytical  value,  since,  in  the 
case  of  mixed  sulphides,  much  antiraonious  sulphide  will 
prevent  a small  quantity  of  arsenious  sulphide  from  being 
dissolved  by  the  ammonium  carbonate,  while  much  arsenious 
sul])hide  will  carry  a small  quantity  of  antimonious  sulphide 
into  the  solution.  When  the  proportions  are,  apjjarentlj', 
from  the  colour  of  the  precipitate,  less  wide,  solution  of 
ammonium  carbonate  may  sometimes  be  found  useful  in 
roughly  sejiarating  the  one  sulphide  from  the  other.  On 
filtering  and  neutralizing  the  alkaline  solution  by  adding  an 
acid,  the  yellow  arsenious  sidphide  is  reprecipitated.  The 
orange  antimonious  suljdiide,  and  any  stannic  sulphide 
jiresent,  will  remain  on  the  filter. 

Kolc.  3. — Solution  of  jjotassium  hydrogen  sulphite  is  said 
by  Wohler  to  be  a good  reagent  for  separating  arsenious  and 
antimonious  sulphides,  the  former  being  soluble,  the  latter 
in.soluble  in  the  liquid. 

Note  4. — Another  reagent  for  separating  arsenious  from 
antimonious  and  stannic  sulphides  is  concenlraled  hydrochloric 
acid.  As  little  water  as  possible  must  be  present.  On  boil- 
ing, antimonious  and  stannic  sulphides  dissolve,  while  arseni- 
ous .sulphide  remains  in.soluble.  The  liquid,  slightly  diluted, 
filtered,  mixed  with  more  water,  and  again  treated  with  hydro- 
gen sulphide,  gives  orange  antimonious  sulphide,  mixed  with 
stannic  sulphide  when  tin  is  pi’esent.  The  presence  of 
arsenium  ma^'  be  confirmed  by  the  application  of  Fleitmann’s 
te.st  to  the  original  solution. 

The  two  processes  now  to  be  described  for  the  detection 
of  arsenium  and  antimony  are  rather  long,  and  require  much 
care  in  their  jierformance ; but  they  are  useful,  because  a 
small  quantity  of  antimony  in  presence  of  much  arsenium,  or 
vice  versa,  may  be  detected  by  their  means.  The  method  for 
detecting  tin  will  be  described  later  (p.  228). 

Delecliou  of  Arsenimn  and  Antimony. 

First  process. — Generate  hydrogen,  as  for  Marsh’s  test 
(p.  197),  and  pass  it  through  a small  wash-bottle  containing 
solution  of  lead  acetate,  to  free  it  from  any  trace  of  hydrogen 
sulphide,  and  then  through  a dilute  solution  of  silver  nitrate 
contained  in  a test-tube.  When  the  hydrogen  ajiparatus  is 
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I i good  working  order,  pour  into  tlie  generating  bottle  a 
I Liantity  of  the  original  solution  to  be  examined,  adding  it 
i radually  to  prevent  violent  action.  After  the  gas  has  been 
1 assing  for  five  or  ten  minutes,  examine  the  contents  of  the 
i ^st-tube  ; arsenium,  if  present,  will  be  found  in  the  solution 
; the  state  of  arsenious  acid, — 

AsHg  + 3H.p  + GAgNOg  = H3ASO3  + 6HNO3  + 6Ag  ; 

i bile  antimony,  if  present,  will  be  found  in  the  black  pre- 
■ pitate  that  has  fallen,  according  to  the  following  equation  : 

SbHa  + 3 AgN()3  = SbAg-3  + 3HN(  >3 

! rie  arsenious  radical  may  be  detecled  in  the  clear,  iiltcrcd, 

( ipcrnatant  licpiid,  which  still  contains  much  silver  nitrate, 

- 7 cautiously  neutralizing  with  a very  dilute  solution  of 
I nmonia,  or  by  adding  a few  drops  of  solution  (jf  silver 
( nmonio-nitrate,  yellow  silver  arsenite  being  produced.  The 
i itimony  may  be  detected  by  washing  the  black  j)recipi- 
j te,  boiling  it  in  an  open  dish  with  solution  of  tartaric 
j id,  adding  hydrochloric  acid,  filtering  and  passing  liydrogen 
I Iphide  through  the  solution,  orange  antimonious  sulj)liide 
. ing  precijutated.  (Hofmann.) 

( Second  process. — Obtain  tlie  metallic  d(;posit  in  the  middle 
1 the  delivery-tube  as  already  described  under  Marsli’s  test. 
.:t  on  the  deposit  with  hydrogam  sulphide  gas,  and  then 
til  hydrocliloric  acid  gas,  as  detailed  in  reaction  3 of 
I timony  (p.  212).  If  both  arsenium  and  antimony  are 
jesent,  the  deposit,  after  the  action  of  hydrogen  sulphide, 

I 111  be  found  to  be  of  two  colours,  the  yellow  arsenious 
Iphide  being  usually  farther  removed  from  the  heated 
i Ttion  of  the  tube  than  the  orange  antimonious  sulphide, 
oreover,  subsequent  action  of  hydrochloric  acid  gas  causes 
e disajipcarance  of  the  antimonious  sulphide,  which  is 
nverted  into  chloride  and  carried  oH' in  the  stream  of  <ras. 

13’he  chief  objection  to  this  iirocess  is  the  li.ability  of  the 
erator  mistaking  sulphur,  deposited  from  the  hydrogen 
iphide  by  the  action  of  luait,  for  arsenious  sulphide.  But 
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tlie  presence  or  absence  of  arsenium  is  easily  confirmed  by 
applying  Fleitmann’s  test  to  the  original  solution,  while  the 
process  is  most  useful  for  the  detection  of  a small  quantity  of 
antimony  in  the  presence  of  much  arsenium.  On  the  whole, 
Hofmann’s  method  is  to  be  preferred. 

Ddeclion  of  Tin. 

During  the  generation  of  hydrogen  arsenide  and  anti- 
monide  in  Marsh’s  ajiparatus,  any  stannic  chloride  present  in 
the  original  solution  under  examination  is  gradually  reduced, 
with  deposition  of  metallic  tin.  After  the  testing  for  arsenium 
and  antimony  is  concluded,  pour  out  the  contents  of  the 
generating  bottle  ijito  a dish  ; take  out  the  fragments  of 
zinc,  first  detaching  from  them  any  black  powdery  or  spongy 
deposit  ; scjiaratc  the  li(]uid  by  filtration  and  Avash  the  residue 
(which  contains  any  reduced  tin  together  with  impurities 
derived  from  the  zinc).  Boil  the  residue  with  a small 
(juantity  of  dilute  hydrochloric  acid  ; filter,  if  necessaiy,  and 
test  the  filtrate  for  stannous  salt  by  adding  mercuric  chloride. 
A white  preci{)itate  of  mercurous  chloride  indicates  the 
])rescnce  of  tin.  (Compare  ji.  248.) 


'J’he  student  may  now  jwoceed  to  the  analysis  of  aqueous 
solutions  of  salts  of  any  of  the  metallic  elements  hitherto 
considered.  'I'he  method  followed  may  be  that  for  the 
separation  of  the  previous  three  group.s,  hydrogen  sulphide 
being  first  passed  through  the  solution  to  precipitate  arsenium 
and  antimony  (also  tin,  if  stannic  salt  be  present).  The 
licjuid,  after  the  removal,  by  filtration,  of  any  hydrogen 
sulphide  precipitate  and  ebullition  to  expel  hydrogen 
sulphide,  is  examined  by  means  of  the  other  group-reagents 
for  metals  of  the  iron,  zinc,  barium,  and  magnesium  groups 
and  then  for  alkali  metals.  (Compare  pp.  109,  136,  156,  187.) 
'I’liree  or  four  solutions  at  least  should  be  examined  before  pro- 
ceeding to  the  next  group  of  metals — copjier,  mercury,  etc. 

COPPER  : Cu.  Atomic  weight,  63*12 

Occurrence,  etc. — The  commonest  ore  of  this  metal  is  copprf 
pyriie.'!,  a copper  and  iron  suljihidc,  CuFeS.^,  occurring  i» 
Cornwall  ; Australia  and  lUissia  supj)ly  malachiic,  a hydroxy- 
carbonate  ; much  ore  is  also  im];orted  from  Sj'ain  and  from 
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Duth  America.  It  is  smelted  in  enormous  quantities  at 
wansea,  South  Wales,  a locality  peculiarly  fitted  for  the 
Deration  on  account  of  its  proximity  to  the  coal-fields,  and 
B position  as  a seaport.  By  Hollway’s  economical  method 
j ' smelting  coj)per  pyrites  and  other  sulphides,  after  the 
i ilphide  is  once  melted,  air  is  driven,  not  over,  as  usual,  hut 
> irough  the  mass ; the  combustion  of  the  sulphur  then 
■ ecomes  .self-supporting,  and  is  greatly  accelerated. 

\ Alcheimj. — The  alchemists  termed  this  metal  Voius,  per- 

I Lps  on  account  of  the  beauty  of  its  lustre,  and  gave  it  her 
mbol  ? , a compound  hieroglyphic  also  indicating  a mixture 
gold  0,  and  a certain  hypothetical  substance  called  acri- 
ony  the  corrosive  nature  of  which  was  symbolized  by 
j € j)oints  of  a Maltese  cross.  To  this  day  the  blue  show- 
»ttle  in  the  shop-window  of  tlie  jiharmacist  is  occasionally 
I iiamented  by  such  a symbol,  indicating,  jiossibly,  that  the 
ue  liquid  in  the  vessel  is  a preparation  of  copper. 


Coinoge. — d'he  material  of  our  “copper’ 
onze  mixture  composed,  in  100  parts  by  weight,  of  95 
pj)er,  4 tin,  and  1 zinc,  the  same  as  in  the  copper  coinage 
h’rance.  One  ))ound  avoirdupois  (7000  grains,  or  453'6 
immes)  of  this  alloy  is  coined  into  48  pence,  or  80  half- 
nice,  or  IGO  farthings. 

Metallic  Copper  is  used  in  preparing  Spirlliis  /Ethcris 
**rosi,  B.l’. 


Copper  forms  two  sets  of  salts,  which  are  distinguished  as 
•ric  and  cuprous  salts,  and  may  be  regarded  as  related  to 
- oxides,  CuO  and  ('u.,0,  respectively.  Cu])ric  oxide,  or 
ick  cop[)cr  oxide,  CuO,  may  be  prepared  by  heating  frag- 
nts  of  cop[)cr  t > low  redness  on  a jiiece  of  earthenware  in 
open  fire.  Cuprous  iodide,  Cul,  will  be  subsecpiently 
erred  to  as  a convenient  form  in  which  to  remove  iodine 
»n  solution,  while  the  formation  of  cuprous  oxide,  (.'u.,0, 
der  given  circumstance.s,  will  come  under  notice  as  an  in- 
ator  of  the  presence  of  sugar  in  a litpiid. 

I Cupric  Sulphate,  Cu.S()j,5I  I.,0  {('upri  Sulphas,  B.l’.),  blue 
iol,  hluc  stone,  or  co])]>er  sulphate  is  the  only  co])])er  com- 
ind  much  us(;d  in  pharmacy.  It  is  a by-product  in  silvcr- 
ning  (Ag^SOj -I- Cu  = CuS(  )| -f  2 Ag).  .sOme  is  formed  in 
Bting  copper  pyrites.  In  the  latli-r  case,  some  iron 
ohide  and  copper  sulphide  are  oxidized  to  sulphates  ; but 
low  red  heat  finally  cmploj'cd  decomposes  the  ferrous 


230 


THE  METALLIC  RADICALS 


sulphate,  while  the  cupric  sulphate  is  unaffected ; the  latter 
is  purified  by  cr^rstallization  from  a hot  aqueous  solution, 
though  frequently  much  ferrous  sulphate  remains  in  the 
crystals.  Ciqiric  sulphate  is  also  prepared  by  dissolving  in 
dilute  suli)huric  acid  the  black  oxide,  CuO,  obtained  in 
annealing  cojipcr  plates  (CuO  + H^SOj  = CuSO^  + H.,0) ; it 
may  also  be  obtained  by  boiling  cojiper  with  three  times  its 
weight  of  suliihuric  acid  (SH.^SO  j + Cu  = CuSO.,  + SO^  + 2H.,0), 
diluting,  filtering,  evajiorating,  and  crystallizing.  In  this 
process  some  black  cujwous  sulphide  also  is  formed. 

Aiilii/ch-oiix  Cupric  Sulphale,  CuSO^,  is  a yellowish-white 
powder  prepared  by  depriving  the  ordinary  blue  crystals  of 
cupric  sulj)hate  of  their  water  of  crystallization  by  exposing 
them  to  a temperature  of  about  400°  F.  (204°  C.).  It  is  used 
in  testing  alcohol  and  .similar  spirituous  liquids  for  water’,  be- 
coming blue  if  the  latter  be  present. 


I'-xpcrmeut. — Cupric  Nitrate. — Digest  copiier  in  dilute 
nitric  acid.  When  action  has  ceased,  evapoi’ate  and  crystal- 
lize. If  the  crystals  form  at  a temperature  of  73°  to  80°  I’'.  i 
(22’7  to  26’G°  C.),  they  are  j)rismatic,  Cu(NC)3)o,  3HoO;  at 
lower  temperature.s,  tabular,  Cu(N()3).3,  GHgO. 

3Cu  + 8HNO3  = 3Cu(N03)3  + 2 NO  + 4H3O 

0)pi)er  Nitric  acill  Cui)ric  nitrato  Nitric  oxide  Water 


I’erdigrix  (from  rerili-grix,  Sp.,  green-grey)  is  Copper  Oxy- 
acetate  (B.P.),  Cu3()(C3l  l303)3,  obtained  by  exposing  alternate 
layers  of  copper  and  fermenting  refuse  grape-husks  to  the 
action  of  air.  Digested  with  twice  its  weight  of  acetic  acid 
and  a little  water,  the  mixture  being  evaporated  to  dryness 
and  the  residue  dissolved  in  water,  it  forms  the  official  Solu- 
tion of  Copj)er  Acetate,  Cu(C3Hg0.3)3. 

The  modes  of  forming  Cupric  Sulphide,  Hiidroxide,  O.ridc, 
Ferroetjanide,  and  Arseuite,  as  well  as  Metallic  Copper,  arc  in- 
cidentally alluded  to  in  the  following  analj'tical  paragraphs. 


Analytical  Reactionx  of  Cupric  Saltx. 

1.  Pass  hydrogen  sulphide  through  an  acidulated  solution 
of  a cupric  salt;  a black  precipitate  of  cu])ric  suli)hide,  tnS, 
is  ])roduced,  which  is  insoluble  in  dilute  acids. 


2.  I'o  an  a(jueous  solution  of  a cuj)ric  salt  add  ammonium 
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I vdi'osulphide  ; by  this  reagent,  also,  cupric  sulpliide  is 
I recipitated,  insoluble  in  excess. 

Xole. — Cupric  sulphide  is  not  altogether  insoluble  in 
I nmonium  hydrosulphide  if  free  ammonia  or  much  am- 
I onium  salt  be  present ; it  is  insoluble  in  potassium  and 
: *dium  hydrosulphides. 

3.  Immerse  a j)iece  of  iron  or  steel,  such  as  the  point  of 
1 penknife  or  a piece  of  iron  wire,  in  a few  drops  of  a 
i dution  of  a cupric  salt ; copper  is  deposited  on  the  iron, 

I ith  its  characteristic  colour,  an  ecpiivalent  quantity  of  iron 
iissing  into  solution.  If  a sufficient  quantity  of  iron  is 
I mployed  and  the  experiment  is  allowed  to  continue  long 
I lough,  the  copper  is  entirely  precipitated — 

CuSO,  + Fe  = FeSO^  + Cu. 

■ V this  reaction  co])per  may  be  recovered  on  the  large  scale 
i|«m  waste  solutions,  old  hoop  or  other  scraji  iron  being 
liirown  into  the  liquors. 

' 4.  .\dd  ammonia  to  a solution  of  cupric  sulphate  ; cuj)ric 

Ifv'dro.xide,  Cu(()H).„  of  a light-blue  colour,  is  precipitated. 
:idd  excess  of  ammonia;  the  i)recij)itate  is  redissolved,  form- 
jg  a blue  .solution  of  ammonio-cupric  salt,  so  deep  in  colour 
l|i  to  render  ammonia  an  exceedingly  delicate  reagent  for 
ippper.  From  this  ammoniacal  solution  alcathol  precipitates 
I dark-blue  crystalline  mass  (C'uSO  ,,  4NII.,,  H.,0),  which,  on 
eating  to  150’  C.,  loses  water  and  two  molecides  of  ammonia, 
scorning  CuSO,,  2X11.,,  and  at  200°  C.  it  loses  another 
lolecule  of  ammonia,  becoming  (,'uS()|,  XII.,.  Other  soluble 
ipric  salts  yield  .similar  comj)ounds. 

An  ammonio-cu|)ric  sulphate  ra;iy  be  obtained  in  large 
C rystals  by  adding  saturated  solution  of  ammonia  to  j)owdercd 
I lapric  sulphate  until  the  salt  is  dissolved,  placing  the  licpiid 

I I a test-glass  or  cylinder,  cautiously  ])ouring  in  twice  its 

II  olume  of  nearly  aidiydrous  alcohol  or  methylated  spirit, 
I iking  care  that  the  licpiids  do  not  become  mixed,  tying  a 
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piece  of  bladder  over  the  mouth  of  tlie  vessel,  and  setting 
aside  for  some  weeks  in  a cool  jilace.  (Wittstein.) 

5.  Add  a solution  of  potassium  or  sodium  hydroxide  to  a 
cupric  solution  ; cupric  hydroxide,  Cu(OH),„  is  precipitated, 
insoluble  in  excess.  Boil  the  mixtui'e  in  the  test-tube  witli 
excess  of  jiotassium  or  sodium  hydroxide ; the  cujiric 
hydroxide  is  decomposed,  losing  the  elements  of  water,  and 
I)ecoming  converted  into  black  anhydrous  cupric  oxide,  CuO. 

(■).  Add  solution  of  ))otassium  ferrocyanide,  KjFeCy^;,  to 
an  a(]ueous  cujn-ic  solution  ; a reddish-brown  precipitate  of 
cu])ric  ferrocyanide,  Cu^FcC}'^,  is  produced.  This  is  an  ex- 
tremely delicate  test  for  eojiper. 

7.  y\dd  solution  of  ])otassium  iodide  to  an  aqueous  cupric 
solution  ; in  moderately  concentrated  solutions  a precipitate 
of  eui)rous  iodide,  Cul,  is  produced,  with  simultaneous  libera- 
tion of  iodine  which  imparts  a yellow  or  brown  colour  to  the 
solution. 

2CuS(),  + 4KI  = 2K,S()^  + 2CuI  + J, 

On  adding  to  the  mixture  a solution  of  sulphurous  acid  (or  of 
ferrous  sulphate),  the  colour  due  to  the  free  iodine  is  removed, 
and  the  nearl}'  wliite  cuprous  iodide  can  be  recognised.  Even 
in  very  dilute  cupric  .solutions  a 3^ellow  coloration  is  pro- 
duced on  the  addition  of  potassium  iodide,  wliich  becomes 
violet  on  tlie  addition  of  starch  jiaste  (.v<?e  Iodide.s,  p.  293). 
I'his  test  is  even  more  delicate  than  the  ferrocyanide  test, 
but  care  must  be  taken  to  ascertain  that  the  solution  of 
potassium  iodide  emjiloj^ed  does  not  contain  free  iodine. 

8.  To  a cuj^ric  solution  add  solution  of  arsenious  acid, 
and  cautiously  neutralize  with  alkali  ; green  eu])ric  arsenite, 
CuHAsO.j,  is  produced. 

Most  copjjer  salts  imjiart  a green  colour  to  the  Bunsen 
flame.  Cupric  chloride  iinjiarts  a bluish  colour. 

AiiI'kIoIc.s.  In  eases  of  ])oi.soning  by  compounds  of  eo]i])er. 
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xon  filings  should  be  administered,  the  action  of  which  is 
explained  in  reaction  3.  Potassium  ferrocyanide  may  also 
oe  given  (see  reaction  6).  Albumen  forms  with  copper  salts 
L compoimd  insoluble  in  water,  hence  raw  eggs  may  be 
idministered,  vomiting  being  induced  or  the  stomach-pump, 
jr  stomach-siphon,  applied  as  speedily  as  possible. 


; QUESTIONS  AND  EXERCISES 

I Name  the  sources  of  copper. — What  proportion  of  copper  is  con- 
I tained  in  English  and  French  “copper”  coins? — Give  equations 
< showing  how  Cupric  Sulphate  is  prepared  on  the  small  and  on  the 
large  scale. — Calculate  how  much  Crystallized  Cupric  Sulphate  may 
be  obtained  from  100  parts  of  cupric  sulphide.  Ans.  261‘05  parts. 
— How  may  Cupric  Oxide  be  prepared? — Write  down  the  formula 
of  Verdigris. — What  is  the  analytical  position  of  copper? — Mention 
the  chief  tests  for  copper. — How  may  copper  be  separated  from 
arsenium  ? — Why  is  finely  divided  iron  an  antidote  in  poisoning  by 
copper  ? 

i 

MERCURY  : Hg.  Atomic  weight,  198  8 

^ Occurrence. — Mercuiy  occurs  in  nature  as  sulphide,  HgS, 

itforming  the  ore  cinnalxir  (an  Indian  name  exj^ressive  of  some- 
Itthing  red),  and  is  obtained  from  Spain,  California,  Eastern 
I Hungary,  China,  Japan,  and  Pei'u. 

Preparnliuii. — 'I’he  metal  is  separated  by  roasting  off  the 
ksulphur  and  then  distilling;  or  better,  by  distilling  with 
r lime,  which  combines  with  and  retains  the  sulj)hur. 

I Properties.  — .Mercury  (Ilydrargijnm,  B.P.)  is  a silver- 
I white,  lustrous  metal,  liquid  at  ordinary  temperatures.  It  boils 
at  062  I'.  (.3.00°  C.),  and  at  — 40°  F.  ( — 40°  C.)  solidifies  to 
a malleable  mass  of  octahedral  crystals.  Its  specific  gravity 
is  13’6.  \\  hc!i  (piite  free  from  other  metals,  it  does  not 

1 tarnish,  and  its  globules  roll  freely  over  a sheet  of  white 
I paper  without  leaving  any  streak. 

I'ormula.  [\\(i  formula  of  the  mercury  molecule  is  Ilg 
and  not  IIg._„  because  (at  all  events  at  the  high  tem])cratur(? 
at  which  alone  the  weight  of  its  vapour  can  l)e  determined) 
the  (juantity  of  mercury  vapour  which  occupies  the  same 
I space  as  that  occupied  l>y  2 grammes  of  hydrogen  under 
the  same  conditions  is  grammes,  ;uid  not  twice  this 


234 


THE  METALLIC  RADICALS 


quantity  (see  p.  51).  Analogous  facts  have  been  observed 
with  reference  to  the  vapours  of  zinc  and  cadmium.  Mer- 
cury,  like  iron,  copper,  etc.,  forms  two  sets  of  salts.  These 
are  called  mercurous  and  mercuric  salts,  and  correspond  to 
the  oxides,  Hg^O  and  HgO,  ^•espectivel3^ 

Amalgams. — 1'he  mixture  or  compound  formed  on  fusing 
metals  together  is  usually  termed  an  alloy  (ad  and  Ugo,  I 
bind);  but  if  mercury  is  a constituent,  an  amalgam  (fJLakay/j,a, 
malagma,  from  /j-aXacrino,  malasso,  1 soften,  the  presence  of 
mercury  lowering  the  melting-point  of  such  a mixture). 
Most  metals  form  amalgams.  Kleciric  amalgam,  the  exciting 
material  which  is  rubbed  against  the  glass  plate  of  an 
electrical  machine,  commonly  consists  of  1 part  each  of  tin 
and  zinc  with  3 pai’ts  of  mercuiy.  Sodium  amalgam  has 
already  been  mentioned  (p.  95). 

Medicinal  ('ompounds. — The  compounds  of  mercury  used 
in  medicine  are  all  obtained  from  the  metal.  The  metal 
itself,  rubbed  with  chalk,  or  with  confection  of  roses  and 
powdered  licpiorice-root,  or  with  lard  and  suet,  until  globules 
are  not  visible  to  the  unaided  eye,  is  often  used  in  medicine. 
The  preparations  are: — Hydrargyrum  cum  Crela,  B.P.,  or  Grey 
Powder;  Pilula  JIydraigi/?i,  13. P.,  or  Blue  Pill  (Massa 
Ilydrargyri,  U.S.P.);  and  Uuguenlum  Ilydrargyri,  B.P.,  Mercury 
Ointment,  or  Blue  Ointment.  There  are  also  a Compound 
Ointment,  a Mercurial  Plaster,  an  Ammoniacum  and  Mercury 
Plaster,  and  a Liniment  of  Mercurj^,  all  official.  Their  thera- 
peutic effects  are  jrrobably  due,  not  to  the  large  quantity  of 
metallic  mercury  in  them,  but  to  the  small  quairtities  of 
black  and  red  oxide  which  occur  iir  them  through  the  action 
of  the  oxj'gen  of  the  air  oit  the  finely  divided  metal.  The 
proportiorr  of  oxide  or  oxides  varies  accordiirg  to  the  age  ot 
the  specimen.  All  these  irredicirral  preparations  of  metallic 
mercury  are  irrdefirrite  atrd  unsatisfactory,  aird  that  through 
rro  fault  of  the  pharmacist.  They  much  need  investigation 
by  pharmacologists  and  therapeutists. 

Mercurous  and  Mercuric  Iodides 

Expcrimcnl  1. — Rub  together  small  cjuairlilies  of  mercuiy 
and  iodiire,  coirti'olling  the  rajridity  of  combinatioir  by  adding, 
at  the  outset  and  at  intervals  during  the  operatioir,  a few 
di’ops  of  alcohol,  which  by  evajioration  absorbs  heat,  and 
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jlhus  keeps  down  the  temperature.  The  product  is  either 
1 mercuric  iodide,  mercurous  iodide,  or  a mixture  of  the  two, 
|cogether  with  mercury  or  iodine,  if  excess  of  either  lias  been 
Qemployed.  If  the  two  elements  have  been  weighed  out  in 
iBtomic  proportions,  198‘8  of  mercury  to  125'9  of  iodine 
I'^about  8 to  5),  a green  or  greyish-green  powder  results 
) from  their  union,  which  consists  chieHy  of  mercurous  iodide, 
(Hgl ; if  in  the  proportion  of  the  atomic  weight  of  mercury 
I to  twice  that  of  iodine  (198‘8  to  twice  125'9,  or  about 
14  to  5),  red  mercuric  iodide,  Hgl,,  results — an  iodide  that  is 
f official,  but  made  in  another  way  {sec  p.  236).  Mercurous 
ijiodide  should  be  made  and  dried  without  heating,  and  with 
i‘as  little  exposure  to  light  as  possible.  Mercuric  iodide  may 
3 1 be  removed  from  it  by  well  washing  with  alcohol.  Mercurous 
iodide  can  also  be  obtained  as  a bright  yellow  precipitate  by 
I:  adding  a solution  of  potassium  iodide  to  a solution  of  mer- 
|)  curous  nitrate,  care  being  taken  that  excess  of  the  former  is 
avoided.  {See  reaction  2,  p.  247.) 

i .Mercurous  iodide  is  decomposed  slowly  by  exposure  to 
light,  and  (piickly  by  the  action  of  heat,  into  mercuric  iodide 
. and  mercury.  .Mercuric  iodide,  occurring  as  an  impurity  in 
mercurous  iodide  ma}'  be  detected  by  digesting  in  ether  (in 
which  mercurous  iodide  is  insoluble),  filtering,  and  evaporat- 
ing to  dryness ; mercuric  iodide  remains.  .Mercuric  iodide 
is  stable,  and  may  be  sublimed  in  scarlet  crystals  without 
decoinj)osition.  (For  the  mechanical  details  of  the  method 
by  which  a specimen  of  the  crystals  may  be  obtained,  and 
the  precautions  to  be  observed,  sec  corrosive  siihlimale,  p.  239.) 

Red  and  Ye/loir  rarielies  oj'  Mercuric  Iodide.  — In  condens- 
ing, mercuric  iodide  is  at  first  yellow,  afterwards  acciuiring 
its  characteristic  scarlet  colour.  This  may  be  shown  by 
smearing  or  rubbing  a sheet  of  white  j)aper  with  the  red 
iodide,  and  then  holding  the  sheet  before  a fire  or  over  a 
flame  for  a few  seconds.  As  soon  as  the  pa])cr  becomes 
sufficiently  hot  the  red  iodide  changes  to  yellow,  and  the 
salt  does  not  (piickly  regain  its  red  colour  when  cold  if  the 
pajier  is  carefully  handled.  Hut  if  the  salt  be  pressed  or 
rubbed  in  any  way,  the  [lortions  touched  immediately  return 
to  the  scarlet  condition.  These  colour  changes  are  accom- 
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panied  by  changes  in  crystalline  form.  The  red  modification, 
stable  at  ordinary  temperatures,  forms  tetragonal  crystals  ; 
tlie  yellow  modification,  rliombic  ciystals. 

Expcrimcni  2. — Preparalion  of  lied  or  Mercuric  Iodide  hi/ 
PrecipHatioii. — To  a few  drops  of  a solution  of  a mercuric  salt 
(corrosive  sublimate,  for  examj)le)  add  solution  of  potassium 
iodide,  droji  by  drop ; a precipitate  of  mercuric  iodide  forms, 
and  at  first  rcdissolvcs  in  the  excess  of  the  mercuric  salt,  but 
is  permanent  when  sufiicient  iodide  has  been  added.  Con- 
tinue the  addition  of  jiotassium  iodide ; the  j)recipitate  is 
redissolvcd,  with  formation  of  potassium  mercuric  iodide, 
KHgl,. 

HgCl.,  + 2K1  = HgL  + 2KC1 

Slercuric  chforidu  I’otassimn  iodido  Morcuric  iodido  Potassium  cldorido 

Mgl.,  + KI  = KHgIg 

Jlurcuric  iodido  Potassium  iodido  Potassium  morcuric  iodido 

Nolex. — When  fir.st  precipitated,  mercuric  iodide  is  yellow- 
ish-red, but  soon  changes  to  scarlet. — Its  solubility  either  in 
solution  of  the  mercuric  .salt  or  in  solution  of  potassium  iodide 
renders  the  detection  of  a small  (piantity  of  a mercuric  salt 
by  means  of  potas.sium  iodide,  or  a small  (piantity  of  an  iodide 
by  means  of  a mercuric  .solution,  difficult,  and  hence  lessens 
the  value  of  the  I’caction  as  a test. — But  the  reaction  is  im- 
j)ortant  as  the  official  method  for  the  jireparation  of  mercuric 
iodide  (^/Ii/drargjjri  lodidnm  liuhrmu,  B.P.).  Mercuric  iodide 
made  in  this  way  has  the  same  composition  as  that  prepared 
by  direct  combination  of  its  elements.  In  miking  the  jire- 
jiaration,  the  two  salts  nuust  be  used  in  the  proportion  of 
HgCl.,  ( = 269-18)  to  2KI  ( = 329'46).  The  mercury  in  mer- 
curic or  mercurous  iodide  is  set  free,  and  sublimes  in  globules, 
on  heating  either  powder  with  dried  sodium  carbonate  in  a 
test-tube ; the  iodine  may  be  detected  by  digesting  with 
solution  of  caustic  soda,  filtering,  and  to  the  solution  of  sodium 
iodide  thus  formed  adding  starch-jiaste,  acidulating  with 
dilute  h^nlrochloric  or  suljihuric  acid,  and  adding  a solution 
of  a nitrite,  when  blue  starch  iodide  results.  Mercuric 
iodide  is  insoluble  in  water,  slightly  soluble  in  alcohol, 
tolerably  soluble  in  ether. — Precijiitated  mercuric  iodide 
mixed  with  benzoated  lard  forms  Uugueulmn  I li/drfogi/ri  lodidi 
Ruhri,  B.P. 
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Mercurous  and  Mercuric  Nitrates 

Experiment  3. — Place  a globule  of  mercury,  about  half  I he 
size  of  a pea,  in  a test-tube;  add  twenty  or  thirty  drops  of 
nitric  acid  ; boil  slowly  until  red  fumes  no  longer  form  ; set 
aside.  On  cooling,  if  a globule  of  mercury  still  remains  in 
the  tube,  crystals  of  mercurous  nitrate  separate.  These  may 
be  dissolved  in  water  slightly  acidulated  with  nitric  acid. 
The  solution  may  be  retained  for  subsequent  analytical 
I operations. 

3Hg  + 4HNO,  = 3HgN03  + 2HT)  + NO 

Experiment  4. — I'lace  mercury  in  excess  of  concentrated 
nitric  acid,  and  warm  the  mixture;  mercuric  nitrate  is  formed, 

• and  will  be  deposited  in  crystals  as  the  solution  cools.  Or, 
to  cry  stals  of  mercurous  nitrate  add  nitric  acid,  and  boil  until 
red  fumes  are  no  longer  evolved.  Retain  the  product  for  a 
subsequent  experiment. 

3Hg  + 8HNO.  = 3Hg(N03),  + 2NO  + 4H.,0 

Mercury  Xitric  add  Jlcrouric  nitrate  Xitric  oxide  Water 

\\'hcn  mercury  and  nitric  acid  are  I)oiled  together,  mer- 
curous nitrate  is  formed  if  the  mercury  be  in  excess,  while 
mercuric  nitrate  is  produced  if  the  acid  be  in  excess. 

Mercuric  Oxijnitrcites.  — From  the  normal  mercuric  nitrate 
several  oxynitrates  may  be  obtained.  Thus  on  merelj"  evapo- 
rating a solution  of  mercuric  nitrate,  and  cooling,  crystals 
having  tlie  formula  Hg.,()(N0.,).„2H„0  are  deposited.  The 
latter,  by  washing  with  cold  water,  yield  a pelluw  i)ulverulent 
oxynitratc,  Hg;/)  .(NO,j)„  : mixed  with  lard,  this  has  some- 
times been  used  as  an  ointment.  By  prolonged  treatment 
with  water,  the  yellow  oxynitratc  eventually  yields  mercuric 
oxide. 

'i’he  official  pi'cparations  of  mercuric  nitrate  are  Luptor 
I li/drarnpri  Nitratis  Acidus,  [fnguentum  Ili/dmrgijri  Nitrrdis,  and 
Unguentum  I Iiplrargyri  Nitrrdis  Di/utiim.  'I'he  Liijuor  is  made' 
by  placing  four  ounces  of  mercury  in  five;  fluid  ounces  of 
nitric  acid  diluted  with  an  ounce  and  a half  of  w;itei‘,  and 
I when  the  metal  has  dissolved,  boiling  gently  for  fifteen 
I minutes. 

Mercurous  and  Mercuric  Sulphates 

1 Expcjiment  5. — Boil  two  or  three  grains  of  nu-rcury  with  a 
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few  drops  of  concentrated  sulphuric  acid  in  a test-tube  or 
small  dish,  in  a funie-cu])board ; sulphurous  anhydride  is 
evolved,  and  mercuric  sulphate,  HgSO^,  a white,  heavy, 
crystalline  powder  results. 

Hg  + 2H.,SO,  = HgSO,  + SO.,  + 2H.,0 

Mureury  Suliiluiric  Miircuric  iSulplutrons  Water 

acid  sulphate  anhydride 

Hetween  two  and  three  ounces  of  mercuric  sulphate  may 
be  j)rc))ared  from  a fluid  drachm  of  mercury  and  a fluid 
ounce  of  sulphuric  acid  boiled  together  in  a small  dish.  The 
operation  is  completed  and  any  excess  of  acid  removed  by 
cautiously  evaporating  the  mixture  of  metal  and  liquid  to 
dryness,  in  a fumc-cupboard  (sulphuric  acid  vajiours  being 
excessively  irritating  to  the  mucous  membrane  of  the  nose 
and  throat);  dry  crystalline  mercuric  sulphate  remains.  If 
residual  particles  of  mercury  are  observed,  the  mass  should 
be  moistened  with  sul])huric  aeid  and  again  carefully  heated. 

1 hj -prod ltd n. — In  chemical  manufactories,  secondary  jiro- 
ducts,  such  as  the  sulj)hurous  anhydride  of  the  above 
reaction,  are  termed  Ini-pwduds,  and,  if  of  value,  are  utilized. 
In  the  present  case  the  gas  is  of  no  immediate  use,  and  is 
therefore  allowed  to  escape.  When  very  pure  sulphurous 
anli3'dride  is  required  for  experimenls  on  the  small  scale,  this 
would  be  the  best  method  of  making  it,  a delivery-tube  being 
adapted  by  means  of  a cork  to  the  mouth  of  a flask  contain- 
ing the  acid  and  metal. 

Mercuric  Oxijsuiphcdc. — Water  decomposes  mercuric  sul- 
phate into  a soluble  acid  salt  and  an  insoluble  yellow  oxjfsul- 
])hate,  Hg.j().,SO.j.  The  latter  is  called  Turpeth  mincred,  from 
its  resemblance  in  colour  to  vegelahle  turpeth,  the  jjowdered 
root  of  l])omcea  turpethum,  an  Indian  substitute  for  jalap.  It 
is  included  in  the  U.S.P.  (^llydrargyri  Suhsutphas  Flams'),  and 
was  formerl}'^  official  in  Great  Britain. 

Experiment  6. — Rub  a jiortion  of  the  dry  mercuric  sulphate 
of  the  preceding  experiment  with  as  much  meremy  as  it 
already  contains  ; the  product,  when  the  two  have  completely 
combined,  is  mercurous  sulj)hate,  Hg,S()^  : it  may  be  retained 
for  a subsequent  exjieriment.  'I'he  exact  pro])ortion  of 
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I niercui-)’  to  mercuric  sulphate  is  merel_y  a matter  of  ealcula- 
tiou  based  upon  the  equation  rejiresenting  the  chemical 
j change  which  takes  place. 

HgSO^  + Hg=Hg,SO^ 

Mercurous  and  Mercuric  Chlorides 

E.rperiment  7. — Mix  thoroughly  a few  grains  of  dry 
mercuric  suljdiate  with  about  four-fifths  of  its  weight  of 
1 fiodium  chloride,  and  heat  the  mixture,  slowly,  in  a test-tube 
in  a fume-cupboard;  mercuric  chloride,  HgCl.„  or  corrosive 
sublimate,  bichloride  or  perch loride  of  mercury  (^Ihjdrar'gi/ii 
Percli/oridiiw,  B.P.),  sublimes  and  condenses  in  the  iqiper 
part  of  the  tube  in  heavy  colourless  crystals. 

Somewhat  larger  quantities  (in  the  projmrtion  of  20  of 
jk mercuric  sulphate  to  IG  of  sodium  chloride  and,  ride  iuj'ra, 

I 1 of  black  manganese  oxide)  may  be  sublimed  in  a pair  of 
d two-ounce  or  three-ounce  round-bottomed  gallipots,  the  one 
inverted  over  the  other,  and  the  joint  luted  by  means  of 
(|  moist  fireclay  (the  powdered  clay  kneaded  with  water  to  the 
I r consistence  of  dough).  The  luting 
h having  been  allowed  to  dry  (some- 
I what  slowly  to  avoid  cracks),  the 
' pots  are  placed  uj)right  on  a sand- 
bath,  sand  piled  round  the  lower 
and  a portion  of  the  upper  pot, 
and  the  whole  heated  over  the 
flame  of  a good  Bunsen  burner  for 
an  hour  or  more  in  a fume-cupboard 
(see  fig.  .30 — in  which  the  j)ots  are 
represented  as  raised  in  order  to 
show  the  joint).  .Mercuric  iodide, 
and  calomel,  may  be  sublimed  in 
the  same  way.  I In?  temperature  rcupiircd  for  the  former 
is  srunewhat  lower  than  that  for  corrosive  sublimate  while 
that  for  the  latter  is  higher. 


HgSO,, 

.Morcuric 

Hiilptiatf! 


+ 


2N'aCl  = 

S'jdium 

cliloritlo 


HgCf, 

iMBiciiric 

cliloridn 


+ Na.,S()| 

SoJimn 
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Xute. — If  tlie  mercuric  sulphate  contain  any  mercurous 
sulphate,  some  calomel  may  be  formed.  This  result  will  be 
avoided  if  2 or  3 per  cent,  of  black  manganese  oxide  be 
previously  mixed  with  the  ingredients.  The  action  of  this 
oxide  is  to  turn  out  from  the  excess  of  sodium  chloride  used 
in  the  process  the  chlorine  necessary  to  convert  any  calomel 
into  corrosive  sxd)limate,  sodium  manganate  and  a lower 
manganese  oxide  being  simultaneously  produced. 

Precaiilioii. — The  operation  must  be  conducted  with  care 
in  a fume-cupboard,  because  the  vapour  of  corrosive  sublim- 
ate, which  might  possibly  escape,  is  very  acrid  and  highly 
])oisonous.  Mercuric  chloride  volatilizes,  though  extremely 
slowly  and  slightly,  at  the  ordinary  temperature  of  warm 
weather. 

A solution  often  grains  of  mercuric  chloride  in  one  pint 
of  water  forms  Liquor  llydrnrgijri  Perch/uridi,  B.P.  Unless 
jxreserved  in  an  amber-coloured  bottle,  a very  dilute 
a(]ueous  solution  of  mercuric  chloride,  when  long  kept,  is 
liable  to  decomposition,  calomel  being  precipitated,  water 
decomposed,  hydrochloric  acid  formed,  and  oxygen  evolved. 

E.rpermeui  8. — Mix  a few  grains  of  the  mercurous  sul- 
phate from  exiieriment  G with  about  a third  of  its  weight  of 
sodium  chloride,  and  sublime  in  a test-tube ; crystalline 
mercurous  chloride,  HgCl,  or  calomel  (Ilpdrargijii  Subchluridiim, 
B.P.)  results.  Larger  quantities  may  be  prepared  in  the 
manner  directed  for  corrosive  sublimate,  a somewhat  higher 
temperature  being  employed  : similar  precautions  must  also 
be  observed. 

Hg^SO,  + 2NaCl  = 2HgCl  + Na  SO, 

Mercurous  Sodium  Mercurous  Sodium 

suliJliate  cliloride  cliloride  sulphate 

Calomel  may  also  be  made  by  other  methods.  The  name 
calomel  (/raAos,  halos,  good,  and  ixeka?,  melas,  black)  was 
probably  indicative  of  the  esteem  in  which  black  mercuric 
sulphide  (the  compound  to  which  the  name  calomel  was  first 
applied)  was  held. 

Test  for  corrosive  sublimate  in  calomel. — li  the  mercurous 
sulphate  employed  in  this  experiment  contain  mercuric  sul- 
phate, some  mercuric  chloride  will  also  be  formed.  Corrosive 
sulilimatc  is  soluble  in  water,  calomel  insoluble;  the  presence 
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ot‘  the  tbnner  may  tlievet'ore  be  proved  by  boiling-  a few 
grains  of  the  calomel  in  distilled  water,  filtering  and  testing 
by  means  of  hydrogen  sulphide  or  ammonium  hydrosulphide 
as  described  hereafter.  Or  two  or  three  grains  of  the  sus- 
pected calomel  may  be  mixed  with  a droj)  of  10  per  cent, 
alcoholic  soap  solution  and  a drop  of  freshl}'  prepared  alco- 
holic solution  of  guaiacum  resin,  and  the  mixture  well  stirred 
with  2 c.c.  of  ether.  On  evaporating  the  ethereal  solution, 
the  presence  of  mercuric  chloride  is  indicated  by  an  intense 
green  coloration.  If  corrosive  sublimate  be  present,  the 
whole  bulk  of  the  calomel  must  be  washed  with  hot  distilled 
water  till  the  filtrate  ceases  to  give  any  indications  of  the 
imjnirity.  Corrosive  sublimate  is  more  soluble  in  alcohol, 
and  still  more  in  ether,  than  it  is  in  water,  while  calomel  is 
insoluble  in  all  three.  Ether  in  which  calomel  has  been 
digested  should  therefore,  after  filtration,  yield  no  residue  on 
evaporation.  Calomel  is  converted  by  hydrocyanic  acid  into 
mercuric  cyanide  and  a black  powder  readily  yielding 
metallic  mercury.  Powell  and  Bayne  have  shown  that  a 
certain  proportion  of  hydrochloric  acid  arrests  this  action. 

Calomel  mixed  with  benzoated  lard  forms  Unguaiium 
Ili/drargi/ri  Suhchluridi,  B.P.,  and  with  sulphurated  antimony, 
guaiacum  resin,  and  castor-oil,  it  forms  Pilnlct  Ilijdirirgtjri 
Suhchloridi  Co)itj)usita,  B.P.,  or  Plummer’s  Pill. 

.\o/c. — Carefully  purified  cotton,  bleached  by  dilute 
bleaching-powder  solution  and  thoroughly  washed,  takes  up 
mercury  from  dilute  solutions  of  mercuric  chloride,  leaving 
the  solution  relatively  richer  in  chlorine  ; part  of  the  mercury 
so  taken  up  exists  as  unc-hanged  mercuric  chloride,  part  as 
mercurous  chloride,  and  j)art  as  mercuric  oxide,  ilence, 
sohitif)ns  of  mercuric  chloride  should  not  be  filtered  tbrough 
cotton  wool. 


Mercuric  Oxide 

J‘j.ij)cri)ncnl  9. — I'.vajiorate  to  dryness,  in  a small  dish  in  a 
fume-cupb(jard,  the  nuTcuric  nitrate  from  cx])crinu‘nt  and 
heat  the  residue  till  no  more  nitrous  fumes  are  evolved  ; 
red  mercuric  oxide,  IlgC),  red  j)r(Tij)il(ilr  (^Ififdrtirgi/ri  O.rhliim 
Hu/innit,  B.P.)  remains. 

^HgCN'O,).,  = 2HgO  -t  I NO,  -f  (), 

M'TCuric  nitniU!  MitcuiU;  o.\ido  jii'piNi'lr 
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A much  larger  yield  of  mercuric  oxide  (for  the  same 
(juantity  of  nitric  acid  used  to  dissolve  merciuy)  may  be 
obtained  by  heating  mercurous  nitrate,  or  by  thoroughly 
mixing  -with  the  dry  mercuric  nitrate  from  experiment  4 
(prior  to  heating  it)  as  much  mercury  as  it  already  contains 
(ascertained  by  calculation  from  the  atomic  weights  and  the 
weight  of  mercuric  nitrate  employed,  as  in  making  mercurous 
sulpliate).  In  this  case  the  free  mercury  is  also  converted 
into  mercuric  oxide. 

+ Hm-  = 2HgO  + 2NO, 

Miircuric  iiilnito  Morcury  Jlurcui'ic  oxido  Nitrogim  peroxido 

Mercuric  oxide  is  tested  for  nitrate  by  heating  a little  of 
the  samj)le  in  a test-tube,  wlien  orange  nitrous  vajKUirs  are 
produced  and  are  visible  in  the  upper  part  of  the  tube,  if 
nitrate  l)e  j)resent. 

Mercuric  o.ride  is  an  orange-red  or  red  ]K)wder,  more  or 
less  crystalline  according  to  the  extent  to  which  it  may  have 
been  stirred  during  preparation  from  the  nitrate.  Mixed 
witli  hard  and  soft  j)ara(lins,  it  forms  Ungneutum  Jlijdrargt/ri 
O.ridi  Rubri,  13. P.  (1  part  in  10).  Mercuric  oxide,  in  contact 
with  oxidizable  organic  matter,  is  liable  to  reduction  to  black 
or  mercurous  oxide. 

The  earliest  mode  of  j)reparing  mercuric  oxide  consisted 
in  maintaining  mercury  at  a temperature  near  its  boiling- 
point  for  many  days  in  vessels,  nearly  closed  to  the  air,  in 
which  a large  surface  of  tlie  metal  was  exj)osed.  A red 
])owder,  which  w'as  called  prccipiUdum  per  xe,  was  graduall}' 
ibrmed.  It  was  from  mercuric  oxide  so  ]>repared  that 
Priestley  first  obtained  oxygen. 

Experiment  1 0. — To  solution  of  caustic  potash  or  caustic 
soda,  or  to  lime-water,  in  a test-tube  or  larger  vessel,  add 
solution  of  corrosive  sublimate,  mercuric  nitrate,  or  almost 
any  other  mercuric  salt  (but  not  mercuric  cyanide) ; yellow 
mercuric  oxide,  HgO  {IRjdrargiiri  Oxidum  Flitrum,  B.P.),  is 
precij)itated. 

IlgCl.,  -t-  Ca(OH),  = HgO  + CaCl,  + H.,0 

Jlorcuric  Ciilciuiii  Mercuric  Giilciuni  ANutcr 

clilorido  liydroxido  oxido  clilorido 

Twenty  grains  of  corrosive  sublimate  to  ten  ounces  of 
solution  of  lime  forms  JmHo  lli/drurgyri  Flavu,  13. P.  The 
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precipitate  only  differs  physically  from  red  mercuric  oxide  ; 
the  yellow  oxide  is  more  minutely  divided  than  the  red. 
Mixed  with  soft  paraffin,  it  forms  Unguenlum  Ilijdrargi/ri.  O.ckli 
Flavi,  B.F.  (1  part  in  50). 

Mercurous  Oxide 

E.rpcrimvnl  11. — To  calomel  add  solution  of  caustic  potash 
or  caustic  soda,  or  lime-water ; black  mercurous  oxide,  H<r.,0, 
is  pro.duced,  and  may  be  filtered  off,  washed  and  dried.  This 
reaction,  and  the  formation  of  a white  curdy  precij)itate  on 
the  addition  of  solution  of  silver  nitrate  to  the  filtrate  from 
the  mercurous  oxide,  acidulated  by  nitric  acid,  form  sufficient 
evidence  that  a powder  consists  of  or  contains  calomel.  The 
curdy  precipitate  is  silver  chloride. 

Thirty  grains  of  mercurous  chloride,  triturated  with  fluid 
ounce  of  glycerin,  and  1|  fluid  ounce  of  mucilage  of  traga- 
canth,  and  the  cpiantity  made  up  to  10  fluid  ounces  with 
solution  of  lime,  form  black  wash  (^Lulio  Ilijdmrsi/ri  Xigm, 

B.P.). 

2HgCl  + Ca(OH).  = HgT)  + C'aCl.,  -f  H,0 

•MiTcurons  Calcium  IMi'rcuruu.s  Calcium  Water 

chloride  hydroxhlc  oxide  chloride 

Jiiuli/licfi/  Rcachons  of  Memin/  Compounds. 

The  Cojipcr  Test  { for  Mercurous  or  Mercuric  Sa/ls). — Place 
a small  piece  of  bright  copjier,  about  half  an  inch  long  and  a 
(juarter  of  an  inch  broad,  in  a solution  of  any  salt  of  mercury, 
mercurous  or  mercuric,  and  heat  in  a test-tube  ; the  copper 
becomes  coated  witli  mercury  in  a fine  state  of  division. 
( file  absence  of  any  notable  (piantity  of  nitric  acid  must  be  en- 
sured, or  tlie  whole  of  the  copjier  will  be  di.ssolved.  See  j>.  211.) 
Pour  away  the  supernatant  liquid  from  the  copper,  wash  the 
latter  in  the  tube  once  or  twice  with  water,  remove  flic  metal, 
dry  it  by  gentle  pressure  in  a piece  of  filtcr-jiajier,  place  it  in 
a dry,  narrow  test-tube,  and  heat  to  redness  in  a Bunsen 
Hame,  the  tube  being  held  in  an  almost  horizontal  position  ; 
the  mercury  volatilizes  and  condenses  as  a whitish  sublimate 
of  minute  globules  on  the  cool  jiart  of  the  tube.  The  globules 
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aggregate  on  being  gently  pressed  with  a glass  rod,  and  are 
especially  visible  where  flattened  between  the  rod  and  the 
side  of  the  test-tube. 

Noll’s  on  llte  Test. — This  is  a valuable  test  for  several 
rea.sons  : — It  is  very  delicate  when  jierfornied  with  care.  It 
separates  from  the  sub.stance  under  examination,  mercury 
itself,  an  element  which,  from  its  metallic  lustre  and  fluidity, 
cannot  be  mistaken  for  any  other.  It  is  applicable  to  both 
mercurous  and  mercuric  salts.  It  renders  possible  the  detec- 
tion of  mercury  in  the  ))rescnee  of  most  other  substances, 
organic  or  inorganic. 

In  performing  the  test,  the  presence  of  any  considerable 
(piantity  of  nitric  acid  may  be  avoided  by  adding  an  alkali 
until  a slight  permanent  preeijhtate  appears,  and  then  very 
slightly  reacidilying  with  a droj)  or  two  of  acetic  acid;  or  by 
lajncentrating  in  an  evaporating-dish  after  adding  a little 
sulj)huric  acid  and  then  rediluting. 

.Iiiiili/liciil  Jii’iiiiioiis  of  Mercuric  Sails. 

1.  'I'o  a few  drops  of  a solution  of  a mercuric  salt  (corrosive 
sublimate,  for  examjde)  add  solution  of  potassium  iodide,  drop 
by  drop  ; a yellowish-rcd  precipitate  of  mercuric  iodide,  Hgl^, 
forms,  and  at  first  redissolves,  but  is  permanent  when  sufficient 
potassium  iodide  has  been  added.  Continue  the  addition  of 
jiotassium  iodide  ; the  precipitate  is  redissolved.  (See  Nolcs 
on  p.  236.) 


Ammoniated  Mercury 

2.  Add  a solution  of  a mercuric  salt  to  solution  of  ammonia, 
taking  care  that  the  mixture,  after  well  stirring,  still  smells 
of  aiumonia  ; a white  jirecipitate  is  jjroduced. 

Performed  in  a test-tube,  this  reaction  is  a very  delicate 
test  for  the  presence  of  a mercurie  salt ; performed  in  larger 
vessels,  the  mercuric  .salt  being  corro.sive  sublimate  (3  ounces 
dissolved  in  3 pints  of  distilled  water,  the  solution  ])ourcd 
into  4 fluid  ounces  of  Solution  of  Ammonia,  and  the  pre- 
cipitate washed  and  then  dried  on  a water-bath),  it  is  the 
process  for  the  pi-ei)aration  of  irliile  prccipilalc,  formerly  called 
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ainmonio-chloride  of  mercury,  now  known  as  Ammoniated 
Mercury  (^lli/dmrgi/mm  Ammonialum,  B.P.). 

HgCl,  + 2NH^  = NH.HgCl  + NH,C1 

Mercuric  Ammonia  White  Ammonium 

chloride  precipitate  chloride 

This  precij)itate  is  considered  to  be  mercuri  - ammonium 
chloride,  NH.,HgCl, — that  is,  ammonium  cldoride,  NII^Cl, 
in  which  two  atoms  of  liydrogen  are  rejilaced  by  one  atom  ot 
mercury.  When  warmed  with  caustic  potash  it  evolves 
ammonia. 

J'aridies  of  Amwoniaied  ^lercunj. — If  tlie  order  of  mixing 
the  solutions  in  reaction  2 be  reversed,  and  ammonia  be  added 
to  solution  of  mercuric  chloride,  a double  mercuri-ammonium 
and  mercuric  chloride,  NH.,HgCl,HgC].„  is  ])roduced  : it  con- 
tains 76‘59  per  cent,  of  mercury.  Prior  to  the  year  1826,  white 
precipitate  was  officially  made  by  adding  caustic  potash  or 
caustic  soda  to  a solution  of  equal  parts  of  corrosive  sublimate 
and  sal-ammoniac  ; this  gave  a double  mercuri-ammonium  and 
ammonium  chloride,  NH.,HgCl,NH^Cl,  containing  65‘59  per 
cent,  of  mercui’y.  This  compound  is  now  known  as  “ fusible 
white  precipitate,”  because  at  a temperature  somewhat  below 
redness  it  fuses  and  tlien  volatilizes.  The  white  precipitate, 
which  has  been  official  since  1826,  contains,  theoreticall}’, 
79’54  per  cent,  of  mercury.  An  ointment  prepared  with  this 
compound  is  official  (Uiigueiiliivi  Ili/drurgi/ri  Amvwniati,  B.P.). 
Prolonged  washing  with  water  converts  white  precipitate  into 
a yellowish  compound  (NII.,MgCl,  IlgO);  hemee  the  official 
f)rei)aration  is  not  thoroughly  freed  from  the  ammonium 
chloride  which  is  formed  during  its  manufacture,  but  which, 
if  ])resent  in  l/irger  proportion  than  7 or  8 jier  cent.,  gives 
to  it  the  character  of  partial  or  com])lete  fusibility.  The 
officially  recognised  ammoniated  mercury  should  volatilize  at 
a temperature  below  redness  without  fusing,  and  should  yield 
78  to  79  per  cent,  of  metallic  mercury.  With  iodine,  chlorine', 
i or  bromine,  white  precipitate  may  yield  tiu;  dangerously 
■ exf)losive  nitrogen  iodide,  chloride,  or  bromide. 

Dimercuri-ammonium  iodide,  NFIg.,1,  is  formed  in  test- 
ing for  ammonia  by  means  of  Ncssler’s  reagent  (which 
see). 

3.  Pass  hydrogen  sidphide  through  a mercuric  solution 
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until  the  liquid  smells  strongly  of  the  gas;  a black  precipi- 
tate of  mercuric  sulphide,  HgS,  is  produced. 

llgCI,  -(-  H.,S  = 211C1  + HgS 

Mercuric  Ilydrogen  llydroclilorio  Mercuric 

chloride  sulphide  acid  sulphide 

Mer  curie  sulpliide  does  not  dissolve  in  dilute  acids  or  in 
ammonium  iiydrosuljihide.  In  the  case  of  mercuric  chloride 
(or  of  other  mercuric  salt  to  which  hydrochloric  acid  has  been 
added  previously),  hydrogen  sulphide,  when  added  in  small 
(piantity,  produces  a white  jireeipitate.  On  the  addition  of 
more  of  the  reagent,  the  colour  of  the  jirecipitate  changes 
through  various  shades  of  yellow,  orange,  and  brown,  to 
black.  The  same  white  substance  may  also  be  obtained  bj^ 
heating  a small  (piantity  of  black  mercuric  sulphide  with 
solution  of  mercuric  chloride.  Its  composition  is  represented 
by  the  formula,  IIgCl.„  2IlgS.  'I'he  yellow,  orange,  and 
brown  substances  are  intermediate  in  compo.sition  between 
this  and  mercuric  sulphide. 

Note. — Hydrogen  sulphide  also  yields  a black  jirecipitate 
with  solutions  of  mercurous  salts.  In  the  case  of  these  salts, 
the  ])recipitate  consists  of  a mixture  of  mercuric  sulphide  and 
mercury  (not  of  mercurous  .suljihide) ; hence  this  reagent 
does  not  distinguish  between  mercurous  and  mercuric  salts. 
Hut  in  the  course  of  sy.stematic  analysis,  mercuric  salts  are 
preci])itated  from  their  solutions,  as  sulphide,  after  mercurous 
.salts  have  been  removed  as  chloride. 

Red  Mercinic  Siilp/iule. — Prolonged  contact  with  hydrogen 
sul])hide  or  a hydrosuljihide,  especially  if  warm,  converts  the 
black  into  a red  sulphide.  Venni/ion  is  mercuric  sulphide 
prepared  by  sublimation. 

Kt/iiop’x  Mineral,  formerly  known  as  lliplrargyri  Snlphnre- 
tuvi  cam  Sii/p/inre,  is  a mixture  of  mercuric  sulphide  and 
sul])hur,  obtained  b}"  triturating  the  elements  in  a mortar  till 
globules  of  mercury  are  no  longer  visible.  Its  name  is  pro- 
bably in  allusion  to  its  colour. 

Anahjiieal  Read  ions  of  Mcrenrons  Sails. 

1 . To  a solution  of  a mercurous  salt  (the  mercurous  nitrate 
obtained  in  experiment  2,  for  example)  add  hydrochloric  acid 
or  other  soluble  chloride  ; a white  ])recii)itate  of  mercurous 
chloride,  calomel,  HgCl,  is  produced. 
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2.  To  a solution  of  a mercurous  salt  add  a few  drops  of  a 
very  dilute  solution  of  jjotassiuin  iodide  ; a yellow  precipitate 
of  mercurous  iodide,  Ilgd,  is  ])roduced. 

HgNO,  + KI  = KNO,,  + Hgl 

Mercurous  rotassium  Potassium  Mercurous 

nitrate  iodiile  nitrate  iodide 

Unless  very  dilute  solution  of  potassium  iodide  is  eni])lo3'ed, 
it  is  dirticult  to  obtain  a pure  yellow  jireeipitatc,  a greenish 
mixture  of  mercurous  iodide  and  nicrcuiT  beitig  generally 
formed,  owing  to  the  decomjiosition  of  some  of  the  former  by 
excess  of  potassium  iodide  ; a considerable  excess  completclj' 
deeomposes  the  mercurous  iodide,  forming  jtotassium  mercurie 
iodide  and  mercury. 

2HgI  + KI  = KHgI,+  Hg 

The  potassium  mercuric  iodide  is  soluble  in  water,  and  forms 
a nearl}’  colourless  solution,  while  the  metallic  mercurj’ 
remains  as  a black  precipitate. 

3.  To  a mercurous  salt,  dissolved  or  undissolved  (e.g., 
calomel),  add  ammonia ; a black  mercuros-ammonimn  salt 
(e.g.,  chloride,  NH.,Hg.,Cl),  is  formed.  It  seems  probable  that 
the  so-called  mercuros-ammonimn  salts  are  really  mixtures  of 

! the  mercuri-ammonium  compounds  (.vcc  p.  245)  with  metallic 
! meremy. 

()Ut(’r  Tests  for  Mcrciin/  ('owpuinids. 

The  elimination  of  mercur}-  in  the  actual  stale  of  metal 
by  the  co[)])cr  test,  coupled  with  the  production  or  non- 
production of  a white  precipitate;  on  the  addition  of  Inclro- 
chloric  acid  to  the  original  solution,  is  usually  sullicieiit 
evidence  of  the  |)resence  of  mercury  and  of  its  existence  as 
a mercurous  or  a mercuric  salt.  Hut  other  tests  may  some- 
times !){■  a))plied  with  advantage.  Thus  metallic  meremy  is 
deposited  on  jclacing  a dro]>  of  the  solution  on  a jclate  of  gold 
(sovereign  or  half-sovereign),  and  touching  the  drop  and  the 
edge-  of  the  plate  simultaneously  with  a key:  an  electric 
current  passes,  under  these-  circ-umstanc-es,  from  tl.e  gold  to 
the  kej',  and  thc-nc-e  through  the-  lic|uid  to  the  gold,  dcc-om- 
posing  the*  salt,  the  mc-rcur^-  of  whic-h  Conus  a white-  nicbdlic- 
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spot  on  tlie  gold.  This  is  called  the  galvanic  ted,  and  is  useful 

for  clinical  purposes. Solution  of  stannous  chloride,  SnCl.„ 

from  the  readiness  with  which  it  forms  stannic  chloride, 
SnCl^,  gives  with  mercuric  solutions  a white  precipitate  of 
mercurous  chloride,  and  rapidly'  reduces  this  mercurous 
cliloride  still  further  to  a greyish  mass  of  finely  divided 
mercury  ; this  is  the  viag/)ie  ted,  probabl}^  so  called  from  the 
white  and  grey  a])])cai’ance  of  the  precipitate.  The  reaction 
may  also  be  obtained  from  even  such  insoluble  mercury  com- 
pounds as  white  precipitate. A confirmatory  test  for  mer- 

curic and  mercurous  salts  will  be  found  in  the  action  of 
solution  of  potassium,  sodium,  or  calcium  hydroxide.  {See 

|)p.  242,  243.) Potassium  chromate,  K„CrO,,  gives  with 

mercurous  salts,  a red  jirecipitate  of  mercurous  chromate, 

Hg.^CrO,. Mercuiyand  all  its  compounds  are  more  or  less 

com])letely  volatilized  when  heated  in  a dry  tube,  many  of 
the  latter  being  decomposed  and  yielding  globules  of  metallic 

mercury. All  dry  comjiounds  of  mercury  are  decomposed 

w'hen  heated  in  a dry  test-tube  with  dried  sodium  carbonate, 
mercury  subliming  and  condensing  in  vi.sible  globules,  or  as 
a whitish  deposit  which  yields  globules  when  rubbed  with  a 
glass  rod. 

Antidate. — Albumen  gives  a white  j)recipitate  with  solu- 
tions of  mercuric  salts  ; hence  the  importajice  of  administer- 
ing white  of  egg,  while  waiting  for  a stomach-pump  or 
stomach-si])hon,  in  case  of  poisoning  by  corrosive  sublimate. 


QUESTIONS  AND  liXEllCISKS 

Name  the  chief  ore  of  mercury,  and  describe  a process  for  the 
extraction  of  the  metal.  — Give  the  properties  of  mercury. — In  what 
state  does  mercury  exist  in  “ Grey  I’owder  ”? — Wliat  other  prepara- 
tions of  metallic  tnercury  itself  are  employed  in  medicine? — State 
the  relation  of  the  mercurous  to  the  mercuric  compounds. — Distin- 
guish between  an  altoi/  and  an  ainatgain. — State  the  formula?  of  tlie 
two  mercury  iodides. — Under  what  circumstances  lias  mercuric 
iodide  different  colours? — Illustrate  the  chemical  law  of  Multiple 
Projiortions  as  explained  by  the  atomic  theory,  employing  for  that 
purpose  the  stated  composition  of  the  two  mercury  iodides. — Write 
down  Ihe  formulm  of  Mercurous  and  Mercuric  Nitrates  and  Sulphates. 
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- ■ — How  is  Mercuric  Sulphate  prepared  ■' — What  is  the  formula  of 
! “ Turpeth  Mineral”? — Describe  the  processes  necessary  for  the  con- 
i version  of  mercury  into  Calomel  and  Corrosive  Sublimate,  using 

i equations. — Why  is  black  manganese  oxide  sometimes  mixed  witli 
the  other  ingredients  in  the  preparation  of  corrosive  sublimate? — 
Give  the  chemical  and  physical  points  of  difference  between  calomel 
and  corrosive  sublimate. — How  may  calomel  in  corrosive  sublimate 
be  detected? — Calculate  how  much  Mercury  will  be  required  in  the 
manufacture  of  one  ton  of  Calomel.  A)is\  17  c\H.  nearly. — Mention 
the  official  preparations  of  the  Mercury  Chlorides. — Give  the  formulae 
i and  mode  of  formation  of  the  Red,  Yellow,  and  Black  Mercury  Oxides, 
1 employing  diagrams. — Explain  the  action  of  the  chief  general  test  for 
I Mercury. — How  are  mercurous  and  mercuric  salts  analytically  dis- 

itinguished  ? — Give  a ju'obable  view  of  the  constitution  of  J fi/<lrar</j/rwm 
Aininoniafum,  B.P.,  and  an  equation  shoving  how  it  is  made. — State 
i the  best  temporary  antidote  to  ])oisoning  by  mercury. 


LEAD  : Pb.  Atomic  weight,  205  35 
Occurrence. — The  ores  of  lead  are  numerous  ; but  the  one 
ifrom  which  the  metal  is  chiefly  obtained  is  lead  sulphide, 
PbS,  galena  (from  yak-i'jvi],  galcne,  tranquillity,  perhaps  from 
lits  supposed  effect  in  allaying  pain). 

Preparation. — 'I'he  ore  is  first  roasted  in  a current  of  air ; 
'much  sulphur  is  thus  l)urnt  ott  as  sidphurous  anhydride,  wliile 
some  of  the  metal  is  converted  into  oxide  ; a jiortion  of  the 
sulphide  is  at  the  same  time  oxidized  to  sulphate.  Oxidation 
is  then  .stopj)ed  and  the  temperature  raised,  whereupon  the 
!«.\ide  and  sulphate,  interacting  with  undecomposed  sul])hide, 
Ijield  the  metal  and  sulphurous  anhydride  : — 2FbO  + PbS  = 
!-lPI)  + SO^, ; and  PbSO,  + PbS  = 2Pb  + 2SO.,. 

( .scs. — 'Phc  uses  of  lead  for  making  pipes  and  lead  sheet- 
ing are  well  known.  Alloyed  with  some  arsenium,  it  is  used 
in  making  ordinary  shot ; with  tin  it  forms  solder  ; with  anti- 
mony and  i\u,  h/pc-mclal ; and  in  smaller  (piantities  it  enters 
into  the  compf)sition  of  Jiritannia  nielal,  pewter,  and  other  alloys. 
fiLead  is  so  slightly  attacked  by  many  dilute  acids  that  chemical 
•vessels  and  instruments  are  sometimes  made  of  it.  Mot 
hydrochloric  acid  slowly  converts  it  into  lead  chloride  with 
pvolution  ot  hydrogen.  Cold  sulphuric  acid  in  presence  of 
•air  only  very  slightly  attacks  it  with  formation  of  lead  sul- 
i)hate  and  water  ; hot  concentrated  sulphuric  acid  attacks  it 
apidly  with  formation  of  lead  sulphate  and  (a'olution  of 
■"Ulphurous  anhydride.  Hot  idtric  acid  conv(.'rls  it  info  lead 
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The  lead  salts  used  in  pharmacy  and  all  other  lead  pre- 
parations are  obtained,  directl}^  or  indirectl)',  from  the  metal 
itself.  Heated  to  a high  temperature  in  a current  of  air,  lead 
combines  with  oxygen  and  forms  lead  oxide,  PbO,  a yellow 
powder  (massicot),  or,  if  fused  and  solidified,  a brighter, 
reddish-yellow,  heavy  mass  of  bright  scales  (Pliimbi  Oxidum, 
H.P.),  termed  litharge  (from  At^os,  Hthos,  a stone,  and  apyvpos, 
argiiros,  silver).  It  is  from  this  oxide  that  the  chief  lead  coni- 
|)ounds  are  obtained.  I.ead  oxide,  by  further  heating  in  a cur- 
rent of  air,  at  a temperature  considerably  below  that  at  whicli  it 
was  produced,  yields  red  lead  or  minium,  Pb,j(),.  The  latter  oxide 
is  intermediate  in  composition  between  lead  oxide,  PbO,  and 
lead  |)eroxide,  PbO., ; and,  althougli  it  is  usually  represented  by 
tlie  formula  Pb.jO  ,,it  is  subject  to  somevariation  in  composition, 
both  litharge  and  red  lead  are  much  used  by  painters,  ])aper- 
stainer.s,  and  glass-manufacturers.  White  lead  is  lead  hydroxy- 
carbonate,  2PI)C0.5,  Pb(OH)., ; it  is  made  by  exposing  lead, 
cast  in  sj)irals  or  little  gratings,  to  the  action  of  air,  acetic 
acid  fumes,  and  carbonic  anhydride,  the  latter  generated 
from  decaying  vegetable  matter,  such  as  spent  tan  : lead 
oxyacetate  slowly  but  continuously  forms,  and  is  as  continu- 
ously decomposed  by  the  carbonic  anhydride,  with  produc- 
tion of  hydroxycarbonate,  or  dry  white  lead.  The  grating-like 
masses,  when  ground,  form  the  heavy,  white,  2>idverulent, 
official  Phtmln  Carhonas,  B.P.  The  latter  is  the  active  con- 
stituent of  Unguentum  Plumln  Carhonatis,  B.P.,  formerly  known 
as  Unguentum  Ceru.s.we.  Lead  hydroxycarbonate  is  also  made 
by  bringing  carbonic  anhydride  and  litharge  together  in  a 
solution  of  lead  acetate.  Ground  uj)  with  about  7 j)er  cent,  of 
linseed-oil,it  forms  tha  white  lead  used  by  j^aintersand  jdumbers. 

Lead  compounds  are  pohonous,  producing  saturnine  colic, 
and  even  ])aralysis.  These  effects  are  termed  saturnine  from 
an  old  name  of  lead,  Saturn.  The  alchemists  called  lead 
Saturn,  first,  because  they  thought  it  the  oldest  of  the  seven 
then  know’n  metals,  and  it  might  therefore  be  comjjared  to 
Saturn,  who  was  regarded  as  the  father  of  the  gods ; and, 
secondly,  because  its  jmwer  of  dissolving  other  metals  re- 
called a peculiarity  of  Saturn,  who  was  said  to  be  in  the 
habit  of  devouring  his  own  children. 

Lead  Acetate 

K.iperiment  1. — Place  a few  grains  of  lead  oxide  in  a test- 
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ube,  add  about  an  equal  weight  of  water  and  two  and  a half 
limes  its  weight  of  acetic  acid,  and  boil ; the  oxide  dissolves 
ind  forms  a solution  of  lead  acetate,  Pb(C^H30,).,.  When 
rold,  or  on  evaporation  if  much  water  has  been  used  (the 
olution  being  kept  faintly  acid),  crystals  of  lead  acetate 
Plumhi  Acetas,  B.P.),  Pb(C^H30,).,  3H.,(),  are  deposited. 
L,arger  quantities  are  obtained  by  the  same  method. 

+ H,0 

Water 


PbO  + 

L^ad  oxide 


2HC.,H30, 

Acetic  aciil 


= Pb(C,H30,)., 

Lead  acetate 


The  salt  is  termed  Sugar  of  Lead,  from  its  sweet  taste. 
Besides  its  direct  use  in  pharmacy  it  forms  rather  more  than 
hree-fourths  of  Pihda  P/unibi  cum  Opio,  B.P.,  is  the  active 
■ onstituent  of  Uuguenlum  Plumhi  Acetalis,  B.P.,  and  an  in- 
gredient in  Supposiloria  Plumhi  Composita,  B.P. 


Le‘ad  Subacetate  or  Oxyacetate 

E.iperiment  2.— Boil  lead  acetate  with  four  times  its  weight 
if  water  and  rather  more  than  two-thirds  of  its  weight  of 
(aad  oxide  ; the  filtered  liquor  is  solution  of  lead  subacetate, 
LUpior  Plumhi  Suhacelalis  Foiii.s-,  B.P.,  Goulard’s  Extract. 


The  official  Lupior  is  made  by  boiling  5 ounces  of  acetate 
and  31  of  oxide  in  one  pint  of  distilled  water  for  half  an  hour 
constantly  stirring),  filtering,  and  making  up  for  any  loss 
lue  to  evajKjration  by  diluting  the  filtrate  to  1 pint.  It 
rontains  about  24  ])er  cent,  of  lead  subacetate,  Pb.,0(C„H3().,).,. 

A similar  solution  was  used  by  M.  Goulard,  who  drew 
attention  to  it  in  1770  and  called  it  Ej-lraclum  Salurni.  A 
more  dilute  solution,  1 of  Lupior  and  1 of  90  per  cent,  alcohol 
tn  78  of  distilled  water,  is  also  official  in  the  British  Pharma- 
•■opa-ia,  under  the  name  of  Liipior  Plumhi  Suhacclatix  Dilutux. 
The  latter  is  commonly  known  as  Goulard  H aler.  A con- 
rentrated  solution  of  lead  subacetate  in  glycerin  constitutes 
ih/cerinum  Pluiuhi  Suhaeelali.s,  B.P.,  and  this  with  a mixture 


I 


>if  .soft  and 

•^uhacelali.i, 

derate. 


liard 

B.P., 


paraffins  gives  Uugueulum  Gli/eeriui  Pluiuhi 
a modificatioji  of  the  original  Goulard’.i 


Lead  Nitrate 


Expe.rimeul  3. — Digest  a few 
litric  acid  ; lead  nitrate,  Pb(NO. 


grains  of  red  lead  in  dilute 
is  fornu'd,  and  remains  in 
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solution,  wliile  lead  peroxide,  PbO^,  remains  behind  as  a dark 
brownish-purple  powder.  Lead  Nitrate  maj"  be  made  inore 
directly  by  dissohdng  litharge,  PbO,  in  nitric  acid.  PbO  + 
2HNOg=  Pb(N03).,  + H/). 

Lead  nitrate  or  acetate  is  used  officially  in  preparing 
l(‘ad  iodide.  For  this  ])urpose  the  above  mixture  may  be 
filtered,  the  lead  peroxide  washed  with  hot  water,  the  filtrate 
and  washings  evaj)orated  to  dryness  to  remove  excess  of 
nitric  acid,  the  residual  lead  nitrate  redissolved  by  boiling 
with  a small  cpiantity  of  hot  water,  and  the  solution  set  aside 
to  crystallize  ; or  a ])ortion  may  at  once  be  used  for  the  next 
experiment.  Lead  nitrate  forms  white  crystals  derived  from 
octahedra. 

l.ead  peroxide,  PbO.„  when  heated  with  concentrated 
hydrochloric  acid  yields  lead  chloride,  PbCl,„  chlorine,  and 
water.  PbO,  + 4HC1  = PbCl.,  + Cl., -|- 2H„(). 


Lead  Iodide 

Experiment  4. — 'J'o  a neutral  solution  of  lead  nitrate  add 
solution  of  potassium  iodide  ; a jn’ccipita'.e  of  lead  iodide, 
Pbl.,  (Pliivi/n  lodidiim,  B.P.),  is  produced.  Pkiual  weights  of 
the  salts  may  be  used  in  making  large  quantities. 

Pb(N(),,),  + 2KI  = PbL  + 2KNO3 

Liiiid  iiitraUi”  I’ota.s.sium  iodidn  I;oad  iodldo  l’ota.s.sium  nitrate 

Heat  the  lead  iodide  with  the  supernatant  liquid,  and  filter 
if  necessary  ; the  salt  dissolves,  and  separates  again  in  golden 
crystalline  scales  as  the  solution  cools. 

Lead  iodide  is  the  active  ingredient  in  Emplastrum  Plimln 
lodidi,  B.P.,  and  Ungnetduin  Plumhi  lodidi,  B.P.  Lead  iodide 
is  soluble  in  solution  of  ammonium  chloride. 

Lead  Oleate.  Lead  Plaster 

Expei'hnenl  5. — Boil  together  in  a small  porcelain  dish  a 
few  grains  of  very  finely  powdered  lead  oxide,  with  twice 
its  Aveight  of  olive-oil,  and  two  or  three  times  its  weight  of 
water,  well  stirring  the  mixture,  and  from  time  to  time 
replacing  water  that  has  evaporated  ; the  jiroduct  is  a white 
mass  of  lead  oleate,  Pb(Cj3H330._,)o,  {Emplastrum  Phnuhi,  B.P.), 
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j iijlyceriu  I’emaining  in  solution.  Larger  quantities  are  pre- 
I ])ared  in  the  same  manner. 

3PbO  + 3H/)  + 2C,3H5(CjsH330,)3 

Lead  oxide  Water  Glyceryl  oleate  (olive-oil  or  oleine) 

= + 2C3H,(0H)3 

Lead  oleate  (lead  ijlaster)  Glyceryl  hydroxide  (glycerin) 

The  aetion  between  the  lead  oxide  and  olive-oil  is  slow, 

I requiring  several  hours  for  its  completion. 

The  gitjceriii  maj'  be  obtained  by  treating  the  aqueous 
product  of  the  above  reaction  with  hydrogen  sulphide  to 
remove  a trace  of  lead,  then  digesting  with  animal  cliarcoal, 
mitering,  and  evaporating.  But  on  the  large  scale  glycerin 
is  produced  as  a hy-product  in  the  manufacture  of  soap  and 
1 candles,  since  glyceryl  compounds  are  the  main  constituents  of 
I inearly  all  vegetable  and  animal  hits,  and  undergo  deconqiosi- 
i Ition  analogous  to  that  represented  above  in  the  course  of  the 
I manufactures  referred  to.  If  in  making  lead  plaster  the  mix- 
ture be  evaporated  to  dryness,  some  of  the  glycerin  escapes 
with  the  steam  while  some  remains  witli  the  plaster. 

' -Modes  of  formation  of  Chluride,  Sulphide,  Cliruniatc,  Sid- 
\ phale,  Ili/droAde,  and  other  lead  compounds  are  incidentally 
t described  in  the  following  analytical  paragraphs. 


Aiialjlical  Reuclions  uj'  Lead  Sails. 

1.  To  a solution  of  a lead  salt  (acetate,  for  example)  add 
I hydrochloric  acid  ; a white  precipitate  of  lead  chloride,  PbCl.„ 
i is  obtained.  Boil  the  precipitate  with  a moderate  quantity  of 
' water  ; it  dis.solve.s,  but  is  redepo.sited  in  small  acicular  crystals 
’ when  the  solution  cools.  Filter  the  cold  solution,  and  pass 

' hydrogen  sulphide  through  it;  the  formation  of  a black  pre- 
I cipitate  of  lead  sulphide,  PbS,  shows  that  the  lead  chloride  is 
: soluble  to  a slight  extent  in  cold  water. 

Sale. — The  formation  of  a white  ])recipitate  (soluble  in  hot 
water  and  blackened  by  hydrogen  suljihide)  on  the  addition 
• of  hydrochloric  acid,  sufHciently  distinguishes  l(;ad  salts  from 

■ those  of  other  metals  ; but  the  non-production  of  such  a j)re- 

■ cipitate  does  not  prove  the  absence  of  a small  cpiantity  of  lead 
since  lead  chloride  is  slightly  soluble  in  cold  water. 

2.  Through  a dilute  solution  of  a lead  .salt,  acidulated  with 
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hydrocliloric  acid,  pass  hydrogen  sulphide  ; a black  precipitate 
of  lead  sulj)hide,  PbS,  is  produced. 

I,c(i(l  ill  JValcr. — The  foregoing  is  a very  delicate  test. 
Sliould  a trace  of  lead  he  present  in  water  used  for  drinking 
j)urjK)ses,  it  may  be  detected  by  means  of  hydrogen  sulphide. 

On  passing  the  gas  through  a pint  of  such  (acidulated)  water, 
a brownish  colour  is  i)roduced.  If  the  lint  is  scarcely  percej)- 
tible,  set  the  licpiid  aside  for  a day  ; the  113’drogen  sulphide 
will  undergo  oxidation  and  a thin  layer  of  sul2)hur  will  be 
found  at  the  bottom  of  the  vessel,  white  if  no  lead  sulphide 
be  ])resent  in  it,  but  more  or  less  brown  if  it  contain  lead 
sulphide.  Ilj^gienists  regard  one-twentieth  of  a grain  of  lead 
))er  gallon  as  dangerou.s,  while  a smaller  (juantity  may  do 
liarm.  Water  comnionl}'  used  for  drinking  i)urposes  should 
not  contain  a trace. 

3.  'J’o  a solution  of  a lead  salt  add  ammonium  hjalro- 
sulphide  ; a black  precipitate  of  lead  sulphide,  insoluble  in  ; 
excess,  is  produced. 

4.  To  a solution  of  a lead  salt  add  solution  of  potassium 
chromate,  K.,CrO^ ; a yellow  precipitate  of  lead  chromate, 
I’bCrO^,  is  formed,  insoluble  in  dilute  acids  and  in  solution  of  < 
ammonium  chloride. 

Chromes. — This  reaction  has  technical  as  well  as  analytical 
interest.  The  precipitate  is  the  common  pigment  termed 
chrome  yellow,  or  lemon  chrome.  Boiled  with  slaked  lime  and 
water,  a portion  of  the  chromium  is  removed,  together  with 
oxygen,  and  forms  soluble  calcium  chromate,  while  lead  oxy-  9 
chromate,  of  a bright  orange-red  colour  {chrome  orange)  is  also  J 
produced.  2PbCrO,j  -f  CafOH)^  = CaCrO^  -I-  PboOCrC)^  -t-  ^ 

i 

5.  To  a solution  of  a lead  salt  add  dilute  sulphuric  acid,  or  j 
a solution  of  a sulphate  ; a white  precipitate  of  lead  sulphate,  | 
PbSO.,,  is  produced. 

Lead  snlphalc  is  slightly  soluble  in  concentrated  acids,  and 
in  solutions  of  some  potassium  and  .sodium  salts  ; it  is  insoluble 
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11  acetic  acid.  It  is  readil}'  dissolved  by  solution  of  amrao- 
liiiin  acetate,  the  resulting  liquid  yielding  the  ordinary 
i”eactions  with  soluble  chromates  and  iodides.  It  also  dis- 
lolves  readily  in  solution  of  ammonium  tartrate  in  presence 
nf  ammonia. 

In  dilute  solutions  the  above  reaction  with  sulphuric  acid 
n- a soluble  sulphate  does  not  take  place  immediate!}' ; the 
orecipitate,  however,  falls  after  a time  ; its  formation  may  be 
nastened  by  evaporating  the  mixture  nearly  to  dryness  and 
;hen  diluting,  or  by  adding  to  the  mixture  its  own  volume  of 
alcohol. 

The  Avhite  jirecijiitate  often  noticed  in  the  vessels  in  which 
iilute  commercial  sulphuric  acid  is  kept,  is  lead  sulphate  de- 
rived from  the  leaden  chambers  in  -which  the  acid  is  made. 
Its  solubility  in  concentrated  and  its  insolubility  in  dilute 
-sulphuric  acid  explains  its  precipitation. 

Antidotes. — From  the  insolubility  of  lead  sulphate  in 
water,  the  best  antidote,  in  a case  of  poisoning  by  the  acetate 
or  other  soluble  lead  salt,  is  a soluble  sulphate,  such  as 
Epsom  salt,  sodium  sulphate,  or  alum,  vomiting  being  also 
induced,  or  the  stomach-pump,  or  stomach-si2)hon,  ap2)lied  as 
quickly  as  jmssible. 

Other  tests  for  lead  will  be  found  in  the  reactions  with 
f)ota.isin>n  iodide  {see  j),  2.52) ; with  alkali-metal  carhonates,  which 
produce  white  hydroxycarbonate,  2FbC03,Pb(0H).„  in- 
--ohiblc  ill  excess;  with  alkalies,  which  yield  a -white  jirecijii- 
tate of  lead  hydroxide,  Pb(()II).„  more  or  less  soluble  in 
h'xcess ; and  with  alkali-metal  ])hosj)hates,  ar.senales,  ferro- 
yyanides,  and  cyanides,  which  form  c mijiounds  mostly  in- 
frioluble,  but  of  no  sjiecial  analytical  interest.  Insoluble  salts 
kof  lead  may  be  dissolved  by  solution  of  caustic  jiotash,  KOH, 
Ivn’  caustic  .soda,  NaOH. 

'Phe  metal  is  ))rcci])itated  in  a beautifully  crystalline  state 
'Sly  introducing  metallic  zinc  (and  some  other  metals)  into  a 
‘solution  of  a lead  .salt;  the  lead  tree  is  thus  formi-d. — Solid 
lead  comjiounds  arc  reduced  when  heated  by  the  blowpipc- 
Iflame  in  a small  cavity  in  a jiiecc  oi  charcoal,  a soft  malh-ablc 
Ibead  ot  metal  being  jiroduccd,  and  a yellowish  ring  of  lead 
iioxidc  deposited  on  the  charcoal. 
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QUESTIONS  AND  EXERCISES 

rite  down  equations  representing  the  smelting  of  galena.— 
Mention  some  of  the  alloys  of  lead. — How  is  litharge  produced? — 
Crive  the  formulas  of  white  lead  and  red  lead. — Describe  the  manu- 
facture of  white  lead. — Draw  a diagram  showing  the  formation  of 
Lead  /Acetate. — Describe  the  prejiaration  and  composition  of  Liquor 
lUumlii  Suhacetallx,  R.  P. — What  is  the  action  of  nitric  acid  on  red 
lead,  litharge,  and  lead? — How  is  the  official  Lead  Iodide  pi'epared? — 
Describe  the  reaction  between  lead  oxide,  water,  and  olive-oil,  at  the 
temperature  of  boiling  water,  and  give  chemical  formulas  explanatory 
of  the  composition  of  the  products. — Mention  the  chief  tests  for  lead. 
— How  would  you  search  for  soluble  compounds  of  lead  in  a domestic 
water  supply  ? — What  is  the  composition  of  chrome  yellow  and  of 
chrome  orange? — Name  the  best  antidote  in  cases  of  poisoning  by  lead 
salts,  and  exj)lain  its  mode  of  action. 


BISMUTH  : Bi.  Atomic  weight,  207‘3 

Oc  citnrncc. — Bismuth  occurs  in  tlie  metallic  state  in  nature. 
It  is  freed  from  adlierent  quartz,  etc.,  by  simj)ly  heating, 
wlien  the  metal  melts,  runs  off,  and  is  collected  in  appro- 
jiriate  ves.sels.  It  is  also  met  with  in  combination  with 
otlier  elements;  most  confmonly,  as  oxide,  Bi„0.^,  in  himiilh 
ochre;  sometimes,  as  sul2)hidc,  Bi.jS^,  in  hismulh  glance. 
Bismutli  is  greyish  white  in  colour.  In  its  general  chemical 
relationshi])s  it  is  allied  to  the  elements  of  the  antimony  and 
ai’senium  grouj),  although  in  its  analytical  behaviour  it  is 
more  closely  related  to  lead  and  copjier. 

Purification. — Arsenium  may  be  removed  from  melted 
bismuth  by  stirring  it  with  an  iron  rod,  iron  arsenide  rising 
to  the  surface  of  the  mass  : antimony  by  stirring  in  some 
bismuth  oxide,  when  antimony  oxide  separates.  Other 
metals  present  in  bismuth,  es})ecially  copper,  are  converted 
into  sulphides,  while  bismuth  is  not  affeeted,  by  fusing  the 
crude  metal  with  about  five  per  eent.  of  potassium  cyanide, 
and  two  per  cent,  of  sulphur,  the  whole  being  Avell  .stirred 
for  a quarter  of  an  hour  with  a clay  rod  (stem  of  a tobacco- 
pipe).  On  pouring  off  the  metal  from  the  fiux,  and  melting 
and  stirring  it  with  about  five  per  cent,  of  a mixture  ot 
potassium  and  sodium  carbonates,  suljdnir  and  traces  of  other 
impurities  are  removed,  and  the  metal  is  obtained  pure. — 
Tamm. 

Uxc.i. — Beyond  the  employment  of  some  of  its  comjmimds 
in  medicine,  bismuth  is  but  little  used.  Melted  bismuth 
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i expands  considerably  on  soliditying,  and  hence  is  valuable 
: in  taking  sharp  impressions  of  dies.  It  is  a constituent  of 
) some  kinds  of  type-metal  and  of  pewter-solder. 

j Bismuth  Nitrate 

Experiment  1 . — To  a few  drops  of  nitric  acid  and  an  equal 
f quantity  of  water,  in  a test-tube,  add  a small  quantit}^  of 
i powdered  bismuth,  heating  the  mixture  if  necessary ; nitric 
I oxide,  NO,  escapes,  and  solution  of  bismuth  nitrate,  Bi(NOg)o, 
j results. 

Bi  + 4HNOg  = Bi(N03)g  + NO  + 2H.,0 

I Bi.smutli  Xitric  acid  Bismuth  nitrate  Nitric  oxide  Water 

The  solution,  on  evaporation,  gives  crystals,  Bi(N03)3, 
5H.,0,  any  arsenium  which  the  bismuth  may  have  contained 
remaining  in  the  mother-liquor. 

To  make  bismuth  nitrate,  oxj'iiitrate,  oxycarbonate  (or 

■ other  salts)  on  a larger  scale,  2 ounces  of  the  metal,  in  small 
fragments,  are  gradually  added  to  a mixture  of  4 fluid  ounces 
of  nitric  acid  and  3 of  water,  and,  when  effervescence  (due  to 
escape  of  nitric  oxide)  has  ceased,  the  mi.xture  is  heated  for 
ten  minutes,  poured  off  from  any  insoluble  matter,  evaporated 

! to  2 fluid  ounces  to  remove  excess  of  acid,  and  then  either 
set  aside  for  crystals  of  nitrate  to  form,  or  poured  into  half 
a gallon  of  water  to  obtain  bismuth  oxynitrate,  or  into  a 
solution  of  6 ounces  of  ammonium  carbonate  in  a (juart  of 
water  to  form  oxycarbonate,  as  described  in  the  following 
experiments. 

j 4'he  precipitates  should  be  washed  with  cold  w'ater  and 

■ dried  at  a temperature  not  exceeding  150°  F.  (65'5°  C.). 
Exposed  in  the  moist  state  to  212°  F.  (100°  C.)  for  anj^ 
considerable  time,  they  undergo  slight  decomjiosition. 

Bismuth  Subnitrate  or  Oxynitrate 
Experiment  2. — Pour  some  of  the  above  solution  of  bismuth 
nitrate  into  a considerable  (piantity  of  water;  decomposition 
occurs,  and  bismuth  oxynitrate,  BiONOg,  in  a hydrous  state, 
BiONO.y  H.,()  (^liismuthi  Sufmitras,  B.  P.)  is  jirecipitated  : — 

Bi(N()3)3  2n.,0  = BiONOg,!!/)  + 2IIN03 

Bismuth  nitrato  Water  Bismuth  oxynitrate  Nitric  aciM 

Filter,  and  test  the  filtrate  for  bismuth  by  adding  excess  of 
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sodium  carbonate  ; the  formation  of  a precipitate  shows  that 
some  bismuth  still  remains  in  solution. 

Decomposition  of  bismuth  nitrate  by  water  is  the  ordinaiy 
process  for  the  jireparation  of  bismuth  oxynitrate  for  use  in 
medicine.  For  this  ])urpose  the  original  metal  must  contain 
no  arsenium.  In  manufacturing  the  compound,  therefore, 
before  j)Ouring  the  solution  of  nitrate  into  water,  the  liquid 
should  be  tested  for  arsenium  by  one  of  the  hydrogen  tests  ; 
if  tliat  element  be  j)resent,  tlie  solution  must  be  evaporated, 
and  only  the  dcjiosited  crystals  be  used  in  the  preparation 
of  the  oxynitrate.  This  must  be  done  because  on  pouring 
an  arsenical  solution  of  bismuth  nitrate  into  water,  the 
arsenium  is  not  wholly  removed  in  the  siqjernatant  liquid 
uidess  the  oxynitrate  be  redissolved  and  rejirecipitated  several 
times,  according  to  the  amount  of  arsenium  ])resent. 

liismulh  suhniiratc  is  gradually  decomposed  by  solutions  of 
alkali-metal  carbonates  (also  by  the  bicarbonates,  with  pro- 
duction of  carbonic  anhydride),  bismuth  oxycarbonate  and 
the  alkali-metal  nitrate  being  formed.  It  is  sometimes 
administered  in  the  form  of  a lozenge  (^Trochiscus  Bismutki 
('umposiltis,  B.P.). 

Bimini h Oxyxalls. — On  pouring  a solution  of  bismuth 
chloride,  BiCl,,,  into  water,  bismuth  oxychloride,  BiOCl,  is 
produced  (a  white  powder  used  as  a cosmetic,  “ pearl-white  ” 
(Blanc  de  Perle),  also  in  enamels  and  in  some  varieties  of 
sealing-w'ax).  Bismuth  bromide,  BiBr,,  and  iodide,  Bilg, 
similarly  treated,  yield  oxybromide,  BiOBr,  and  oxyiodide, 
BiOI.  The  subnitrate  is,  therefore,  probably  an  analogous 
compound,  an  oxynitrate,  BiONOg.  Bismuth  sulphate, 
Bi.,(SO^)g,  is  also  decomposed  when  placed  in  water,  giving 
bismuth  oxysulphate,  Bi^O^SO^. 

It  is  difficult  to  prove  whether  or  not  the  water  in  hydrous 
bismuth  oxynitrate,  BiONOg.FI.jO,  is  an  integral  part  of  the  salt. 
If  it  is,  the  compound  is  probably  bismuth  hydroxynitrate, 
Bi(OH),,NOg. 

Bismuth  Oxide 

Krperinienl  3. — Boil  bismuth  subnitr.ate  with  solution  of 
caustic  soda  for  a few  minutes  ; it  is  converted  into  yellowish 
bismuth  oxide,  Bi^Og  (Bimiiilhi  Oxidnm,  B.P.). 

2 BiONOg  + 2Na()H  = Bi.p  + 2NaNOg  + HgO 

liismutli  Hodiiini  UisiTmth  Sodium  ' Water 

oxynitrate  liydroxido  oxide  nitrate 
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Bismuth  Subcarbonate  or  Oxycarbonate 

Experiment  4. — To  a solution  of  bismuth  nitrate  add 
solution  of  ammonium  carbonate ; a white  precipitate  of 
hydrous  bismuth  oxycarbonate,  2Bi^0.3C03,H20  (^Bumulhi 
Carbonas,  B.P.),  is  produced. 

+ 2NgH„C,0,  + H,0  = eNH.NOg  + Bi.OgCOg  + 3CO., 

Bismuth  “Ammonium  Ammonium  Bisnuith  Carbonic 

■nitrate  carbonate " nitrate  oxycarbonate  anhydride 

' This  compound  may  be  regarded  as  similar  in  constitution  to 
the  oxysalts  just  described  which  are  commonly  looked  upon 
, as  salts  of  a liypothetical  radical  bismiitliijl  (BiO). 

Bismuth  Citrate 

E'jxperimenl  5. — To  a nitric  acid  solution  of  bismuth 
I nitrate  add  water,  with  frequent  shaking,  until  a slight 
ick)udiness  of  oxjmitrate  remains  undissolved;  then  add  solu- 
ition  of  sodium  citrate  ; warm  and  stir  the  mixture;  set  aside 
to  cool  ; collect  on  a filter,  wash,  and  dry  the  precipitated 
bismuth  citrate,  BiC.  HrO-. 

Bi(NOg)3  + NagC.HgO-  = BiC,H,0-  + 3NaN03 

liismuUi  Sodium  liisiimth  Sodium 

nitrate  citrate  citrate  nitrate 

Experiment  G. — To  moist  bismuth  citrate  (prepared  by 
linteraction  between  bismuth  oxynitrate  dissolved  in  nitric 
i-acid,  and  potassium  citrate  and  carbonate)  add  ammonia  until 

Itthe  preci[)itate  is  just  dissolved  ; the  solution  of  bismuth  and 
“immonium  citrate  thus  obtained,  when  of  a strength  of  800 
[grains  of  citrate  in  a pint,  is  oflici;d  (T/V/wor  lii.sninthi  et 
\^^4jnmonii  Citratis,  B.P.)  shortly  termed  Liquor  Bi.smiithi. 

Bismuth  Salicylate 

Experiment  7. — To  a solution  of  bismuth  nitrate  add  a 
f-iolution  of  sodium  salicylate  ; a white  precipitate  of  bismuth 
I )xysalicylate,  C,.H pOITCOO’BiO  (^Bixmuthi  Sa/ieijlux,  B.P.),  is 
produced. 

Analytical  Reactions  of  Bismuth  Salts. 

II.  Through  a solution  of  a bismuth  salt  (a  slightly  acid 
''Solution  of  nitrate,  for  example)  j>ass  liydrogen  sulpliide  ; a 
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l)l;ick  precipitate  of  bismuth  sulpliicle,  Bi^Sg,  is  produced. 
Add  solution  of  ammonia  (to  neutralize  the  acid)  and  then 
ammonium  hydrosulphide ; the  precipitate,  unlike  AsgSg  and 
Sb.gSg,  is  insoluble. 

2.  Concentrate  almost  any  acid  solution  of  a bismuth  salt 
and  ])our  into  much  water  containing  some  sodium  or  am- 
monium chloride ; a white  precipitate  of  bismuth  oxychloride 
results. 

Tliis  reaction  is  characteristic  of  bismuth  salts.  Bismuth 
oxychloride  is  specially  insoluble  in  water,  and  is  distinguished 
from  antimonious  oxychloride  by  being, insoluble  in  solution  of 
tartai’ic  acid. 

3.  To  a solution  of  a bismuth  salt  add  a caustic  alkali  ; a 
white  precipitate  of  bismuth  hydroxide,  Bi(OH)g,  is  produced, 
insoluble  in  excess,  and  becoming  yellowish  on  boiling. 

4.  First  prepare  a reagent  as  follows  ; — Dissolve  1 grain 
of  lead  acetate  in  3 ounces  of  hot  water  and  add  30  drops 
of  acetic  acid  ; dissolve  GO  grains  of  potassium  iodide  in  3 
ounces  of  water ; mix  the  solutions  ; on  cooling,  lead  iodide  is 
deposited  in  the  characteristic  yellow  crystalline  plates  or 
scales.  Next,  place  some  of  the  reagent  (crystals  included) 
in  a test-tube  and  heat  gradually  till  solution  takes  place. 
Any  liquid  containing,  or  supposed  to  contain,  bismuth  is  then 
added,  and  the  whole  allowed  to  cool.  The  separated  scales 
will  show  a distinct  change  in  colour  from  the  original  yellow 
to  dark  orange  or  crimson,  according  to  the  quantity  of 
bismuth  present. 

Ted  for  calcium  phux])lude  in  biwuiih  ,iaUs, — Dissolve  the 
powder  in  nitric  acid,  add  about  twice  its  weight  of  citric  acid 
and  sufficient  ammonia  to  give  decided  alkalinitj' ; then  boil, 
keeping  the  mixture  faintly  alkaline  with  ammonia;  bismuth 
remains  in  solution,  and  calcium  phosphate  is  precipitated. 

Testa  for  other  impurities  in  hismuth  or  its  salts.- — Dissolve 
in  nitric  acid ; concentrate  and  set  aside  for  crystals 
of  bismuth  nitrate  to  separate  ; ]iour  off  the  mother-liquor, 
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j which  will  contain  any  impurities  in  a concentrated  form. 

I If  this  mother-liquor  be  evaporated  with  hydrochloric  acid 

I I until  all  the  nitric  acid  is  dissipated,  a little  of  the  product 
j should  yield  no  evidence  of  arsenium  on  being  examined  by 
I Marsh’s  test ; no  blue  coloration  on  adding  water  and  excess 
I of  ammonia  (copper),  and  no  preci23itate  on  filtering  and 
I saturating  the  ammoniacal  filtrate  with  nitrie  acid  (silver) ; 
i ino  white  precijiitate  with  dilute  suljdniric  acid  (lead) ; no 
• Ted  or  black  ju'ecipitate  with  sodium  suljihide  (tellurium 

or  selenium) ; and  no  blue  jjrecipitate  with  potassium 
I ferrocyanide  (iron). 


CADMIUM  : Cd.  Atomic  weight,  111’6 

■ In  most  of  its  chemical  relations  cadmium  resembles  zinc. 
«In  nature  it  occurs  chiefly  as  an  occasional  constituent  of  the 
i ore  of  that  metal.  In  distilling  zinc  containing  cadmium, 
the  latter,  being  the  moi-e  volatile,  passes  over  first.  In  ana- 
lytical operations  cadmium,  unlike  zinc,  comes  down  among 
the  metals  precipitated  by  hydrogen  sulphide ; that  is,  its 
-iuliihide  is  in.soluble  in  highly  dilute  hydrochloric  acid,  while 
■sine  suljjhide  is  soluble.  It  is  a wliite  malleable  metal  which 
mils  about  770°  C.  Sp.  gr.  8'G. 

Beyond  the  occasional  employment  of  the  sul})hide  as  a 
i figment  (^jaunc  bnllianC),  and  of  the  iodide  and  bromide  in 
\ )hotography,  cadmium  and  its  salts  are  but  little  used. 


[ Cadmium  Iodide 

j E.rpcrimenl . — Digest  together,  in  a flask,  metallic  cadmium, 

pvarm  water,  and  iodine,  until  the  colour  of  the  iodine  dis- 
|;-P2)ears  ; .solution  of  cadmium  iodide,  Cdl,,  remains.  Glisten- 
ing white  crystalline  scales  may  be  obtained  on  evaporating 
1 he  solution. 

II  his  .salt  is  emj)loycd  with  other  iodidcis  in  iodizing  col- 
lodion for  photographic*  use.  It  readily  melts  ; and  it  is  solubhr 
I n water  or  alcohol,  the  solution  reddening  litmus. 

, Aiinh/lical  Reactions  ojCddumnn  Sails. 

i 1.  llirough  a solution  of  a cadmium  salt  ((’dl.,  or  CdCl.,) 
»ass  hydrogen  sulphide;  a yefilow  precipitate  of  cadmium 
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sul{)liide,  CdS,  is  produced,  resembling  in  appearance  arseni- 
ous,  arsenic,  and  stannic  sulphides.  Add  ammonium  hydro- 
sulphide  ; the  j)recij)itate,  unlike  the  sulphides  just  mentioned, 
does  not  dissolve.  It  dissolves  easily  in  hot  dilute  hydrochloric 
or  sulphuric  acid. 

Cadmium  and  cupric  sulpliides  may  be  separated  by 
means  of  solution  of  potassium  cyanide,  in  which  cupric 
sul])hide  is  soluble  and  cadmium  sulphide  insoluble. 

2.  'I'o  a solution  of  a cadmium  salt  add  solution  of  caustic 
potash  ; a white  precipitate  of  cadmium  hydroxide,  Cd(OH).,, 
is  produced,  insoluble  in  excess  of  the  precipitant. 

Zinc  hydroxide,  Zn(()H),„  precipitated  under  similar  cir- 
cumstances, is  soluble  in  solution  of  caustic  potash ; the 
filtrate  from  the  cadmium  hydroxide  may  therefore  be  tested 
for  any  zinc,  present  as  an  impurity,  by  adding  hydrogen  , 
sulphide  or  ammonium  hydrosulphide.  Zinc  and  cadmium  ( 
hydroxides  are  soluble  in  excess  of  solution  of  ammonia. 

Before  the  blowpipe-fhme,  on  charcoal,  cadmium  salts  give 
a brown  deposit  of  cadmium  oxide,  CdO. 


QUESTIONS  AND  EXERCISES 

How  does  bismuth  occur  in  nature? — What  is  the  quantivalence  of 
bismuth  ? — Write  equations  descriptive  of  the  action  of  nitric  acid  on 
bismuth,  and  water  on  bismuth  nitrate. — How  may  arsenium  be 
excluded  from  bismuth  salts? — Give  an  equation  illustrating  the 
process  for  the  preparation  of  bismuth  carbonate. — Write  formuliE 
showing  the  accordance  in  molecular  constitution  of  the  official 
oxynitrate  and  oxycarbonate  with  the  other  bismuth  salts,  and  with 
ordinary  nitrates  and  carbonates. — How  is  Limior  Bwnnthi  fit 
Ammonii  Citralis  prepared? — Mention  the  tests  for  bismuth. — In  what 
condition  does  cadmium  occur  in  nature  ? — Hy  wh.at  proces.s  may 
cadmium  iodide  be  prepared? — Mention  the  chief  test  for  cadmium. — 
Distinguish  (;admium  sxdphide  from  sulphides  of  similar  colour. — How 
is  cadmium  separated  from  zinc  ? 


SILVER:  Ag.  Atomic  weight,  107'11 

Oecurrenee. — This  element  occurs  in  nature  in  the 
metallic  slate  ; and  also  combined  with  sulphur  as  silver 
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sulphide,  Ag.,S,  associated  with  much  lead  sulphide,  forming 
argentiferous  galena. 

Preparation. — The  lead  obtained  from  argentiferous 
galena  is  melted  and  slowly  cooled  ; crystals  of  nearly  pure 
lead  separate  first  and  are  raked  out  from  the  still  fluid 
mass,  which  thus  consists  of  an  alloy  richer  in  silver.  The 
operation  is  repeated  several  times  until  an  alloy  very  rich  in 
silver  is  finally  obtained ; this  is  roasted  in  a current  of  air, 
whereby  the  lead  is  oxidized  and  removed  as  litharge,  while 
pure  silver  remains.  Other  ores  undergo  various  preparatory 
treatments  according  to  their  nature,  and  are  then  shaken 
with  mercury,  wdiich  amalgamates  with  and  dissolves  the 
particles  of  metallic  silver,  the  mercury  being  subsequently 
removed  from  the  amalgam  by  distillation.  Soils  and 
minerals  containing  metallic  silver  are  also  treated  in  this 
way.  An  important  improvement  in  the  amalgamation  pro- 
cess, by  which  the  mercury  more  readily  unites  with  the 
silver,  consists  in  the  addition  of  a small  proportion  of  sodium 
to  the  mercury.  Silver  chloride  may  be  dissolved  from  ores 
by  solution  of  sodium  thiosulphate. 

Silver  is  not  readily  affected  by  the  weak  acid  or  other 
fluids  of  food,  though  it  is  rajudly  tarnished  by  sulphur  and 
many  sulplmr  compounds.  It  does  not  perceptibly  attack 
hydrochloric  acid  ; it  reduces  somewhat  diluted  nitric  acid  to 
nitric  oxide,  NO,  silver  nitrate,  AgNO^,  being  formed  ; it 
also  reduces  hot  sulphuric  acid  to  sulphurous  anhydride, 
SOo,  silver  sulphate,  Ag.,SO,,  being  formed.  The  latter  salt 
is  cry.stalline,  and  slightly  soluble  in  water. 

Impure  Silver  Nitrate 

F..rperinienl  1. — Dis.solve  a silver  coin  in  nitric  acid;  nitric 
oxide,  NO,  is  evolved,  and  a solution  of  silver  and  cuj)ric 
nitrates  is  obtained. 

Silver  Coinage. — Pure  silver  is  too  soft  for  use  as  coin  ; it 
is  therefore  hardened  by  alloying  wdth  cojijier.  British  silver 
money  contains  7'5,  German  2b,  and  French  10  and  IG'b  per 
cent,  of  copper — for  the  fineness  of  the  French  standard  silver 
is  O'OOO  in  the  five-franc  piece,  while  an  inferior  alloy  of 
U'835  is  used  for  the  coins  of  lower  denominations.  The  one- 
franc  piece,  composed  of  the  latter  alloy,  is  still  made  to 
weigh  five  grammes,  the  weight  originally  chosen  for  the 
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franc  as  tlic  unit  of  tlie  monetary  scale  when  the  fineness  of 
the  coin  was  O'OOO.  It  lias  now  become  a token,  like  the 
British  shilling,  of  which  the  nominal  value  exceeds  the 
intrinsic  value.  One  pound  troy  of  British  standard  silver  is 
coined  into  GO  shillings,  of  which  the  metal  is  worth  from  25s. 
to  30s.,  less  or  more,  according  to  the  market  price  of  silver. 
The  standard  fineness  of  this  silver  is  0'925,  i.c.,  3 of  copper 
in  '10  of  the  alloy. 

Silver  Chloride 

K.rprrhiieiil  2. — To  the  product  obtained  in  the  preceding 
experiment,  add  water  and  hydrochloric  acid  or  a soluble 
chloride  ; a white  precijiitate  of  silver  chloride,  AgCl,  is  pro- 
duced, copper  still  remaining  in  .solution.  Collect  the  pre- 
cipitate on  a filter  and  wash  it  with  water;  it  is  pure  silver 
chloride. 

Notes. — 'J'hc  copper  may  also  be  sej>aratcd  by  cvaj)orating 
the  solution  of  the  metals  in  nitric  acid  to  dryness  and  gently 
heating  the  residue,  when  the  cin)ric  nitrate  is  decomposed 
but  the  silver  nitrate  is  unaffected.  The  latter  may  be 
dissolved  out  from  the  residual  cupric  oxide  by  means  of 
water. 

Silver  chloride  may  be  obtained  in  crystals  by  evaporation 
of  its  solution  in  ammonia. 

'J'he  usefulness  of  halogen  salts  of  silver  in  photography 
depends  upon  the  fact  that  these  compounds  undergo  a 
darkening  on  exposure  to  light.  According  to  Baker,  this 
is  due  to  the  formation  of  an  oxy-compound — in  the  case 
of  the  chloride,  Ag,,C10. 


Pure  Silver 

Kxpeiimenl  3. — Place  the  .silver  chloride  obtained  in  cx- 
j)eriment  2 in  a dish,  wet  it  with  dilute  suljihuric  acid,  and 
lay  a jnece  of  sheet  zinc  on  the  mixture  ; metallic  silver  is 
preci))itatcd  and,  after  about  one  day,  wholly  removed  from 
combination.  Collect  the  ))rccipitate  on  a filter  and  wash 
with  water;  it  is  pure  metallic  silver,  and  is  readily  fusible 
into  a single  button,  c.si)ccially  if  mixed  with  a little  borax 
and  niti'c. 
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Xote. — Any  considerable  quantity  of  silver  chloride  may 
be  reduced  to  a lump  of  the  metal  by  fusion,  in  a crucible, 
witli  about  half  its  weight  of  sodium  earbonate.  The 
. chloride  is  also  reduced  by  boiling  it  with  caustic  alkali  and 
i grape  sugar  until  a trial  sample  is  entirely  dissolved  by 
: 1 nitric  acid. 

Pure  Silver  Nitrate 

Experiment  4. — Dissolve  the  pure  silver  from  experiment 

I . 3 in  nitric  acid  (3  parts  by  weight  of  silver  require  about  2 

I I or  2;V  of  concentrated  acid  diluted  with  5 of  water),  and 
I remove  excess  of  acid  by  evaporating  the  solution  to  dryness 
and  slightly  heating  the  residue;  the  product  is  pure  silver 
initrate.  Dissolve  it  by  heating  with  a small  quantity  of 

. water;  the  solution  on  cooling,  or  on  evaporation,  deposits 
) colourless  tabular  crystals  of  silver  nitrate. 

3Ag  + 4HNO3  = NO  + 3AgN03  4-  2H./) 

Silver  Nitric  acid  Nitric  oxide  Silver  nitrate  Water 

Notes. — Silver  Nitrate  (^Argenti  Nitras,  B.P.),  “is  pre- 
pared by  the  interaction  of  nitric  acid  and  silver.”  The  salt, 
Tused  and  j)oured  into  proper  moulds,  yields  the  white  cylin- 
drical sticks  or  rods  commonly  termed  caustic  (from  Katw, 
Jiaio,  1 burn),  or  lunar  caustic.  (The  alchemists  called  silver 
Diana  or  Luna,  from  its  supposed  mysterious  connection 
■with  the  moon.)  Tough  “caustic  points”  contain  5 per 
jeent.  of  jiotassium  nitrate,  the  product  being  the  officially 
Trecognised  Argenti  Nitras  Induratus,  B.P.,  or  “Toughened 
(Caustic.”  “ Mitigated  Caustic,”  Argenti  Nitras  Mitigatus, 
IB.P.,  is  a fused  mixture  of  one  part  of  silver  nitrate  with 
[two  parts  of  potassium  nitrate. 

'I’he  .specimen  of  silver  nitrate  obtained  in  the  foregoing 
[experiment,  dissolved  in  water,  will  be  found  useful  as  an 
ieinalytical  reagent.  Silver  nitrate  di.s.solves  in  90  per  cent, 
k'dcohol ; but  decomposition  occurs  after  a time. 

Silver  salts  are  decomposed  when  in  contact  with  organic 
■1  matter,  esj)ecially  on  exposure  to  light,  or  on  heating,  the 
I metal  itself  being  liberated,  or  a black  insoluble  compound 
cformed.  Hence  the  value  of  silver  nitrate  in  the  manu- 
i facture  of  indelible  ink  for  marking  linen  ; hence,  too,  tlie 
('reason  of  the  practice  of  rendering  silver  solutions  clear  by 
iiBubsidence  and  dccjintation,  rather  than  by  filtration  Llirough 
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paper  ; and  hence  the  cause  of  those  cases  of  actual  com- 
bustion which  have  been  known  to  occur  in  preparing  pills 
containing  silver  oxide  and  essential  oil  or  other  organic 
matter.  Linen  marked  with  silver  marking-ink  should 
not  be  cleansed  by  aid  of  bleaching  liquor,  as  the  marked 
parts  are  then  apt  to  be  rapidly  oxidized  and  “tendered,” 
holes  resulting.  Paul  says  the  reaction  is  as  follow's  : — 
Ag.p  + CaCl/)^  = 2 AgCl  + CaO  + O.^. 

Silver  Oxide 

Experimoit  5. — To  a solution  of  silver  nitrate  add  solution 
of  caustic  potash  or  caustic  soda,  or  lime-water  ; an  olive- 
brown  precipitate  of  silver  oxide,  AggO,  is  produced.  The 
washed  and  dried  oxide  is  decomposed  by  the  action  of  heat, 
with  production  of  metal.  It  is  also  reduced  by  contact  with 
organic  matter.  {See  preceding  2)Jiragraph.) 

Argenti  O.ridum,  13.  P.,  is  prepared  as  above,  calcium 
hydroxide  being  the  jirecipitant  em^doyed,  caustic  soda  or 
caustic  })otash  not  being  so  readily  removed  by  washing.  i 
Three  and  a half  joints  of  good  lime-water  will  decom2iose  i 
half  an  ounce  of  silver  nitrate.  j 

2AgN03  + Ca(OH)„  = Ag.p  -t  Ca(N()3)3  4-  H2O 

Hilvcr  Calcium  “ Silver  Calcium  Water  ’ 

nitrate  liydroxiilo  oxide  nitrate 

Silver  oxide  is  also  2^rcci2dtated  on  adding  ammonia  to 
a solution  of  silver  nitrate,  but  it  is  rapidly  taken  U2i  by 
the  ammonium  nitrate  formed  at  the  same  time,  argent- 
ammonium  nitrate,-  NHgAgNOg,  25ro6ably  being  formed. 

The  direct  solution  of  silver  oxide  in  ammonia  may  give 
the  highly  explosive  substance  known  as  Berthollet  s 
fulminating  silver  (.?  NHgAg).  Ordinary  fulmmaling  silver, 
CgNgOgAgg,  results  from  the  interaction  of  silver  nitrate, 
nitric  acid,  and  alcohol.  The  corresponding  mercury  com- 
pound, fidminatwg  7nerciirp,  C^N.^OgHg,  is  used  in  2)ercussion 
caps.  Solulion  of  silver  ammonio-nUrale,  B.P.,  is  official,  as  a 
reagent. 

Methods  of  forming  several  other  salts  of  silver  are 
incidentally  mentioned  in  the  following  analytical  2J»i'‘i' 
graphs. 


SILVEK 
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Anahflical  Reactions  of  Silvea-  Salts. 

To  a solution  of  a silver  salt  add  hydrochloric  acid  or 
other  soluble  chloride  ; a white  curdy  precipitate  of  silver 
chloride,  AgCl,  is  produced.  Add  nitric  acid,  and  boil ; 
the  precipitate  does  not  dissolve.  Pour  off  the  acid  and 
add  solution  of  ammonia  ; the  precipitate  dissolves.  Neutral- 
ize the  ammoniacal  solution  by  means  of  an  acid  ; the  white 
curdy  precipitate  is  reproduced. 

This  is  the  most  characteristic  test  for  silver.  The 
precipitated  chloride  is  also  soluble  in  solutions  of  sodium 
thiosulphate  or  potassium  cyanide — facts  of  considerable 
importance  in  photographic  operations. 

Other  anali/lical  reagents  besides  the  above  are  occasionally 

useful. Hydrogen  sulphide,  or  ammonium  hydrosulphide, 

gives  a black  precipitate  of  silver  sulphide,  Ag^S,  insoluble 

in  alkalies. Solution  of  caustic  potash  or  of  caustic  soda 

gives  a brown  precipitate  of  silver  oxide,  Ag^O. Sodium 

phosphate  gives  a yellow  precipitate  of  silver  phos2)hate, 
AggPO^,  soluble  in  nitric  acid  and  in  solution  of  ammonia. 

Ammonium  arsenate  gives  a brown  jjrecijiitate  of  silver 

arsenate,  Agjj/\s(),,  already  noticed  in  connection  with 

arsenic  acid. Potassium  bromide  gives  a yellowish-wdiite 

precipitate  of  silver  bromide,  AgBr,  insoluble  in  dilute  acids, 

soluble  with  some  difficulty  in  ammonia. Potassium  iodide 

produces  a pale-yellow  j)recij)itate  of  silver  iodide,  Agl 
(Argenti  lodidum,  U.S.P.),  insoluble  in  dilute  acids.  It  is 
changed  by  ammonia  into  a yellowish  insoluble  com})Ound. 
— — Pota.ssium  cyanide  gives  a white  precipitate  of  silver  cyan- 
ide, AgCy  (Argenti  ('i/anidiim,  U..S.P.),  soluble  in  excess,  some- 
what soluble  in  ammonia,  insolul)le  in  dilute  nitric  acid,  soluble 

in  boiling  concentrated  nitric  acid. Potassium  chromate, 

K2Cr(),,  gives  a red  precij)itate  of  silver  chromate,  Ag^CrOj. 

Potassium  bichromate  gives  a red  precipitate  of  silver 

anhydrochromate,  Ag.,Cr./).. .Many  organic  acids  give  rise 

to  insoluble  silver  salts. Several  metals  dis2)lace  silver 

from  solution,  mercury  forming  in  tin's  way  a crystalline 
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precipitate  known  as  the  silver  tree,  or  Arbor  Diancc. 

Heated  on  charcoal  with  sodium  carbonate  in  the  blowpipe- 
flame,  silver  salts  yield  bright  globules  of  silver,  not  accom- 
panied by  an  incrustation  as  in  the  corresponding  reaction 
with  lead  salts  ; tlie  experiment  may  be  performed  with  the 
nitrate,  wliich  first  melts,  and  then,  like  all  nitrates,  deflag- 
rates, yielding  a white  metallic  coating  of  silver  which  slowly 
aggregates  to  a button. 

Avtidolcs. — Solution  of  common  salt,  sal-ammoniac,  or  any 
other  inert  chloride  should  obviously  be  administered  where 
large  doses  of  silver  nitrate  have  been  swallowed.  A quan- 
tity of  sea-water  or  brine  would  convert  the  silver  into  in- 
soluble chloride,  and  at  the  same  time  produce  vomiting. 


QU.KSTIONS  AND  EXERCISES 

By  what  process  is  silver  obbiined  from  argentiferous  lead? — 
What  weight  of  I^lnglish  silver  coin  will  yield  one  pound  of  pure 
silver  nitrate?  — How  may  the  metal  be  I'ecovered  from  impure 
silver  salts?  — Give  a diagram  showing  the  formation  of  silver 
nitrate. — Describe  the  reaction  of  solution  of  lime  with  silver  nitrate. 
— Mention  the  chief  test  for  silver,  and  state  how  silver  salts  may 
be  distinguished  from  those  of  lead  and  mercury. — Name  the  anti- 
dote for  silver. 


( iim/ilnl ive  A nahjsis. 

Methods  for  the  qualitative  analysis  of  solutions  containing 
any  or  all  of  the  metals,  coj)per,  mercury  (either  as  mercurous 
or  as  mercuric  salt),  tin  (as  stannous  salt),  lead,  bismuth, 
cadmium,  and  silver  have  now  to  be  considered.  Before 
introducing  the  student  to  the  systematic  examination  of 
solutions  containing  any  or  all  of  the  metals  of  general 
interest,  treated  of  in  this  Manual,  it  will  be  convenient  to 
indicate  how  the  particular  metals  just  mentioned  above,  are 
dealt  with  in  that  systematic  examination,  in  so  far  as 
dividing  them  into  analytical  groups  is  concerned. 

The  first  point  to  be  noted  is  that  silver  and  mercurous 
chlorides  are  insoluble,  and  that  lead  chloride  is  only  sparingly 
soluble,  in  cold  water.  Addition  of  excess  of  hydrochloric 
acid,  or  other  soluble  chloride,  to  the  solution,  causes  the 
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complete  precipitation  of  silver  and  mercurous  clilorides  (or, 
if  no  precijjitate  forms,  shows  the  absence  of  these  metallic 
radicals),  and  it  may  cause  the  precipitation  of  some  lead 
chloride  also.  After  removing  any  precipitate  by  filtration, 
part  or  the  whole  of  the  lead  (if  any  was  present  originally), 
and  the  whole  of  any  of  the  other  metals  mentioned  above, 
which  may  have  been  present,  pass  into  the  filtrate,  from 
which  they  can  be  precipitated  by  means  of  hydrogen 
sulphide. 

The  fact  that  this  method  of  dividing  these  metals  into 
two  groups  for  analytical  purposes,  is  practically  universally 
employed,  furnishes  the  explanation  for  the  separate  treat- 
ment of  the  metallic  radicals  constituting  the  two  groups,  in_ 
the  two  pairs  of  preliminary  analytical  schemes  which  follow 
(pp.  269-272).  The  first  pair  of  schemes  deal  with  silver, 
mercurous,  and  lead  salts  ; while  the  second  pair  deal  with 
cupric,  mercuric,  lead,  bismuth,  and  cadmium  salts,  and 
partially  with  stannous  salts. 

The  position  of  tin  in  this  analytical  arrangement  is  some- 
what anomalous,  since,  in  the  course  of  the  systematic  separa- 
tion of  the  metals,  this  element  falls  into  the  analytical  group 
along  with  arsenium  and  antimony.  The  connection  of  this 
latter  group  (the  arsenium  group)  with  the  group  embracing 
copper,  bismuth,  etc.  (the  copper  group),  will  be  evident  later, 
when  the  scheme  for  the  systematic  separation  of  the  whole 
of  the  metals  of  general  interest  comes  to  be  discussed  (p.  274). 


DIHECTION'S  FOR  APRLYINO  SOME  OF  THE  REACTIONS  DESCRIRED  IN 
THE  FOREGOING  PARAGRAPHS  TO  THE  ANALYSIS  OF  AN  AQUEOUS 
SOLUTION  OF  A SALT  OF  ONE  OF  THE  METALS  SILVER,  MERCURY 

(as  mercurous  salt),  lead. 

Add  hydrochloric  acid  ; — 

Silver  is  indicated  by  a white  curdy  precipitate,  insoluble 
in  excess,  easily  soluble  in  ammonia. 

Mercurous  salt  is  indicated  by  a white  precipitate  which 
is  turned  black  by  ammonia. 

Lead  is  indicated  by  a white  precipitate,  insoluble  in 
ammonia.  Confirm  by  boiling  a small  portion  of  the 
hydrochloric-acid  jirecipitate  in  water;  it  dissolves. 
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If  hydrochloric  acid  gives  no  precipitate,  silver  and  mer- 
curous salts  are  absent,  and  lead  can  only  be  present  in  very 
small  quantity.  The  presence  of  lead  in  small  quantity  is 
best  detected  by  applying  the  sulphuric  acid  test  to  a fresh 
portion  of  the  original  solution,  the  tube  being  set  aside  for  a 
time  if  the  precipitate  does  not  appear  at  once.* 

TABLE  OF  SHOUT  IHUECTIONS  FOB  AFPLYING  SOME  OF  THE  REACTIONS 
DESCRIBED  IN  THE  FOREGOING  PARAGRAPHS  TO  THE  ANALYSIS 
OF  AN  AQUEOUS  SOLUTION  OF  SALTS  OF  ANY  OR  ALL  OF  THE 
METALS  SILVER,  MERCURY  (aS  MERCUROUS  SALt),  LEAD. 


Add  hydrochloric  acid  in  excess,  filter,  and  wash  the 
precipitate  with  a small  quantity  of  cold  water. 


Precipitate 
Pb  Hg  (ous)  Ag 
Wash  on  the  filter  with  boiling  water. 

Filtrate 
Pb 
Add 
H,SO^ 
white  ppt.  * 

Residue 
Hg(ous)  Ag 
Add  NH,OIL 

Filtrate 
Pb 
Add 
H2SO4 
white  ppt.  * 

Residue 

Hg 

(mercurous),  black 

Filtrate 

Ag 

Add  HNOj  white  ppt. 

DIRECTIONS  FOR  APPLYING  SOME  OF  THE  REACTIONS  DESCRIBED  IN 
THE  FOREGOING  PARAGRAPHS  TO  THE  ANALYSIS  OF  AN  AQUEOUS 
SOLUTION  OF  A SALT  OF  ONE  OF  THE  METALS  COPPER,  MERCURY 
(as  MERCURIC  salt),  TIN  (aS  STANNOUS  SALT),  LEAD,  BISMUTH, 
CADMIUM. 

Note  that  solutions  of  cupric  salts  have  a blue  colour. 

Acidulate  the  liquid  with  hydrochloric  acid  and  pass 

* Liquids  containing  only  a small  quantity  of  lead  do  not  readily 
yield  lead  sulphate  on  the  addition  of  sulphuric  acid.  Before  lead 
can  be  said  to  be  absent,  therefore,  the  liquid  should  be  evaporated 
to  dryness  with  one  drop  of  sulphuric  acid,  and  the  residue  digested 
in  water ; any  lead  sulphate  then  remains  as  a heavy,  white,  insoluble 
powder. 
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hydrogen  sulphide  through  it  until  the  mixture,  after 
shaking,  smells  of  the  gas  : — 

Cadmium  salts  give  a yellow  precipitate,  insoluble  in 
ammonia,  easily  soluble  in  hot  dilute  hydrochloric 
acid. 

Cupric,  mercuric,  stannous,  lead,  and  bismuth  salts  give 
dark-brown  or  black  precipitates.  In  the  case  of  a mer- 
curic salt,  the  precipitate  may  be  white  or  pale-yellow 
at  first,  but  it  rapidly  becomes  orange,  brown,  and, 
finally,  black.  In  the  case  of  a lead  salt,  the  precipi- 
tate is  sometimes  reddish-brown  if  much  hydrochloric 
acid  is  present,  but  it  becomes  black  on  dilution  of  the 
solution  and  addition  of  enough  hydrogen  sulphide. 

To  distinguish  cupric,  mercuric,  stannous,  lead,  and 
i bismuth  salts  from  one  another,  add  potassium  iodide  to 
I another  portion  of  the  original  solution  : — 

A pale-brownish  mixture  (which  really  consists  of  a 
nearly  colourless  precipitate  of  cuprous  iodide  in  a 
yellow  or  browm  solution  of  iodine)  indicates  a cupric 
salt.  The  brown  colour  disappears  and  the  precipi- 
tate is  seen  to  be  nearly  colourless,  when  solution 
of  sulphurous  acid  is  added.  Compare  reaction  7, 

, p.  232. 

A yellowish-red  precipitate,  rapidly  becoming  bright-red, 
soluble  in  excess  of  potassium  iodide,  indicates  a 
I mei'curic  salt. 

The  production  of  a pale-yellow  precipitate,  or,  in 
dilute  solutions,  of  none  at  all,  indicates  a stannous 
salt. 

A yellow  precipitate,  insoluble  in  excess  of  potassium 
iodide,  soluble  in  boiling  water,  indicates  a lead 
salt. 

A bright-yellow  solution,  or  a brown  precipitate  whicli 
dissolves  in  excess  of  pota.ssium  iodide  to  form  a 
bright-yellow  solution,  indicates  a bismuth  salt. 
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TABLE  OF  SHORT  DIRECTIONS  FOR  APPLYING  SOME  OF  THE  REACTIONS 
DESCRIBED  IN  THE  FOREGOING  PARAGRAPHS  TO  THE  ANALYSIS  OF 
AN  AQUEOUS  SOLUTION  OF  SALTS  OF  TWO  OR  MORE  OF  THE 
METALS, COPPER,  MERCURY  (aS  MERCURIC  SALt),  LEAD,  BISMUTH, 
CADMIUM. 

Acidulate  the  liiiuid  with  hydrochloinc  acid  and  pass 
hydrogen  sulphide  through  it  until  the  mixture,  after  shaking, 
smells  of  the  gas  ; filter. 


Precipitate 

Cu  Hg(ic)  Pb  Hi  Cd» 

Wasli  with  water ; boil  with  UNO., ; dilute  with 
water  and  filter. 


Residue 
Hr  (ic) 
Black. 


Filtrate 

Cu  Pb  Bi  Cd 
Add  NHjOH  in  excess,  iilter. 


Cu  test 
in  original 
solution. 

Precipitate 
Pb  Bi 

Wash,  dissolve  on 
filter  in  a few  drops 
of  dilute  HNO3, 
dilute,  filter. 

Filtrate 
Cu  Cd 

(Blue  if  Cu  present). 
Add  KCN  in 
excess,  and  pass 
H,,S. 

Ppt. 

Bi 

white 

Filtrate 
Pb 
Add 
H,SO,, 
set  aside, 
white  ppt. 

"(fd*- 

yellow 

Filtrate 

Cu 

Acidify 

with 

acetic  acid. 
Brown 
ppt. 

Filtrate 
Dilute  with 
H.jS  solution 
so  as  to 
ensure 
complete 
precipitation 
of 

Pb,  Bi,  Cd, 
the 

sulphides  of 
which  are  to 
some  extent 
soluble  in 
cold  dilute 
FICl. 

If  any 
further  pre- 
cipitate is 
produced, 
it  may  be 
added  to 
the  original 
precipitate, 
or  examined 
separately. 


* The  possible  presence  of  tin,  whether  as  stannous  or  as  stannic 
salt,  is  not  considered  in  the  separation  described  here,  since,  in  the 
systematic  examination  of  a solution  which  might  contain  tin  along 
with  copper,  mercury,  etc. , any  stannous  or  stannic  sulphide  is  removed 
from  the  cupric,  mercuric,  etc.,  sulphides  before  the  examination  of  the 
latter  sulphides  is  proceeded  with.  (See  p.  274.) 
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The  Analytical  Classification  of  Metals. 

Systematic  Analysis. 

The  following  Tables,  giving  dii’ections  for  the  analytical 
examination  of  solutions  for  the  presence  of  practically  any  of 
the  metallic  radicals  hitherto  considered,  include  and,  to  a 
certain  extent,  epitomize  the  Tables  previously  given  under 
the  different  groups.  The  order  of  addition  of  the  group- 
reagents  is  arranged  according  to  a carefully  devised  plan 
which  is  set  forth  in  the  following  outline  of  the  anne.xed 
analytical  Tables ; — 


HCl 

H,S 

NH^SH 

(NHJ.CO^ 

(^Hl,)., 

HPO.I 

! 

1 

Cd 

Zn 

Ba 

Mg 

K ! 

i 

Cu 

Mn* 

!3 

■sa 

1 

Hg 

Hg 

y. 

Co 

1 

r fi  » 

Sr 

Na 

1 

(as  mercu- 

(as  mer- 

i 

rou.s  .salt) 

curie  salt) 

— 

>» 

Pb 

Pb 

•r. 

Ni 

Ca 

nhJ 

(partially) 

(|■Ilti^‘ly) 

Bi  , 

A1  ^ 

Li 

o 

=a 

As 

(as  arseni- 

Fe 

® ■* 
"3  K 

ouH  or 

— 

salt) 

Cr 

>> 

SI) 

-f- 

'Jj 

Sn 

(as  Htan- 

r 

nous  or 

j 

stannic 

, 

salt) 

i 

Au 

Pt  . 

1 

N««  Kx|)eriment  .'i,  j).  1.01. 
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Note. — The  student  should  practise  the  examination  of  aqueous 
solutions  of  salte  of  the  above  metals,  by  aid  of  the  Tables,  until  he  is 
able  to  ascertain  with  facility  and  accuracy  which  metallic  radicals  are 
present  In  this  way  he  will  best  perceive  the  peculiarities  of  each 
clement,  and  the  general  relations  of  the  elements  to  each  other. 

The  foregoing  outline  indicates  that  hydrochlorie  acid, 
which  is  tlie  first  group-reagent  added,  precipitates  silver  and 
mercurous  chlorides  and  partially  preci])itates  lead  chloride 
(unless  the  lead  solution  is  very  dilute).  The  filtrate  obtained 
on  removing  the  hydrochloric  acid  precij)itate  is  next  treated 
Avith  hydrogen  sulj)hide,  Avhich  preci])itates  the  metals  of  the 
copper  and  arsenium  groujjs  together  as  sulphides.  The 
suljjhides  of  these  two  groups  behave  differently  when  digested 
with  1/cllow  ammonium  hydrosul])hide  (or,  what  comes  to  the 
same  thing,  ammonium  hydrosulphide  and  a pinch  of  suljdiur), 
those  of  the  arsenium  group  dissolving  in  this  reagent,  Avhile 
those  of  the  copper  grouj)  remain  undissolved.  (6’eenote  on  p. 
272.)  lienee,  Avhen  the  sulphides  of  the  two  groups  have 
been  precipitated  together  and  filtered  off)  the  mixed  jAre- 
eipitate  is  treated  Avith  yelloAV  ammonium  hydrosulphide  so  as 
to  effect  the  separation  of  the  arsenium  group  sulphides  from 
the  copper  group  sulphides,  while  the  filtrate  still  contains  the 
metals  of  the  iron,  zinc,  and  barium  groups,  along  with 
magnesium  and  the  alkali  metals. 

A very  common  mode  of  dealing  with  the  filtrate  (and  the 
one  ado])ted  in  the  annexed  Tables)  is  to  add  excess  of  am- 
monia and  then  ammonium  hydrosul2)hide  to  it.  The  am- 
monia first  neutralizes  the  hydrochloric  acid  present  in  the 
filtrate,  forming  with  it  ammonium  chloride  : — HCl  + NH^OH 
= N H^Cl -1- H^O  ; and  as  soon  as  this  action  has  been  com- 
jileted,  it  forms  some  ammonium  hydrosul2)hide  Avith  the 
excess  of  hydrogen  suljdiide  jAresent.  This,  together  Avith 
more  ammonium  hydrosulj)hide  which  is  added,  precipitates, 
as  suli)hides  or  hydroxides,  all  the  metals  of  the  iron  and  zinc 
groujAS.  The  ammonium  chloride,  formed  by  the  first  inter- 
action of  the  ammonia  Avith  the  hydrochloric  acid,  prevents  the 
jAreeijAitation  of  magnesium  at  this  stage.  The  metals  of  the 
barium  groujA,  along  with  magnesium  and  the  alkali  metals, 
jAass  into  the  filtrate.  The  barium  group  metals  are  subse- 
quently {AreeijAitated  as  carbonates  by  the  addition  of  am- 
monium carbonate ; and  magnesium  and,  to  some  extent, 
lithium  as  jAhosphates  by  means  of  ammonium  jAhosphate,  as 
already  described  on  j).  13G,  Avherc  the  mode  of  dealing  Avith 
the  other  alkali-metals  is  also  discussed. 


TABLK  OF  SHORT  DIRECTIONS  FOR  THE  ANALYSIS  OF  AN  AQUEOUS  OR  ONLY  SLIGHTLY 
ACID  SOLUTION  OF  ORDINARY  SALTS  OF  ONE  OF  THE  METALS 
I IITHERTO  CONSIDERED. 
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Of  the  accompanying  Tables,  the  first  includes  directions 
for  the  analysis  of  an  aqueous  or  only  slightly  acid  solution 
containing  one  salt  of  any  of  the  metals  hitherto  considered. 
Here  the  colour  of  the  precipitate  or  precipitates  afforded  by 
a metal  under  given  circumstances  must  largely  be  relied  on 
in  attempting  the  detection  of  the  various  elements. 

I'lie  folded  Table  is  intended  as  a scheme  for  the  analysis 
of  solutions  containing  salts  of  more  than  one  metal.  It  is  a 
compilation  from  the  foregoing  reactions  and  may  often  be 
altered  or  varied  in  arrangement  to  suit  the  requirements  of 
the  analyst. 

'I'he  analysis  of  solutions  containing  only  one  metal  will 
serve  to  impress  the  memor)'  with  the  characteristic  tests  for 
the  various  metals  and  other  radicals,  and  familiarize  the 
mind  with  chemical  principles.  More  thorough  analytical  and 
general  chemical  knowledge  is  only  acquired  by  working  on 
such  mixtures  of  bodies  as  are  met  with  in  actual  practice, 
beginning  with  solutions  which  may  contain  any  or  all  of 
the  members  of  a grouj)  (.vce  previous  pages),  then  exam- 
ining solutions  containing  more  than  one  group,  and  finally 
analysing  li(]uids  in  which  are  dissolved  several  salts  of  any 
of  the  common  or  rarer  metals. 

'i’he  Author  cannot  too  strongly  recommend  students 
thoroughly  to  master  the  art  of  analysis,  not  only  on  account 
of  its  direct  value,  but  because  its  practice  enables  them 
rapidly  and  soundly  to  acquire  a good  knowledge  of  Chemistry, 
and  greatly  to  improve  their  general  mental  faculties. 


General  and  Special  Memoranda  rel.\ting  to  the 
PRECEDING  Analytical  Tables 

General  Memoranda. 

These  Tables  are  constructed  for  the  analysis  of  salts  more 

or  less  soluble  in  water. The  student  has  still  to  learn 

how  substances  insoluble  in  water  are  to  be  brought  into  a 
state  of  solution  ; but  once  dissolved,  their  analysis  is  eflfccted 
by  the  same  scheme  as  that  just  given.  'The  Tables, 
especially  the  longer  folded  one,  may  therefore  be  regarded 
as  fairly  representing  the  method  by  Avhich  metallic  con- 
stituents of  chemical  substances  are  separated  from  each 
other  and  recognised. 

The  gronp-reagents  adojitcd  in  the  Tables  are  hj/drochlurie 


table  of  short  directions  for  applahng  some  of  the  foregoing  analytical  reactions  to  the  analysis  of  an  aqueous  or  only  slightly 

ACID  solution  of  ORDINARY  SALTS  OF  ANY  OP  THE  METALS  OF  GENERAL  INTEREST. 


Add  hj’drochloric  acid. 


Precipitate 
H{:(ous)  Pb  Ag 
\\’asli,  boil  -with  water,  filter. 


Residue 
Hg(ous)  Ag 
Wash,  add 


Filtrate 

Ag 

Add 
HXO3. 
White  ppt. 


Filtrate 

Cd  Cu  Hg(ic)  Pb  Bi  As(ous)(ic)  !Sb  Sii(ous)(ic)  Zu  I^In  Co  Ni  A1  Fe(ous)(ic)  Cr 

Pass  HyS  tlirougli  the  liquid,  filter. 


Ba  Sr  Ca  Mg  Li  K Na  NH^ 


Filtrate 

Pb 

Add  H,SO,  ; 
White  ppt.  I 


Precipitate 

Cd  Cu  Hg(ic)  Pb  Bi  As  Sb  Su 
Collect,  wash,  digest  with  NH^SH  aud  S,  filter. 


Precipitate 
Cd  Cu  Hg(ic)  Pb  Bi 
Wash,  boil  iu  HNO3,  filter. 


Sec  also  p.  27S. 


Residue 
Hg 
(ic) 
Black. 
Confirm 
by  Cu 
test  in 
original 
solution. 


Filtrate 
Cd  Cu  Pb  Bi 
Add  NH*OH,  filter. 


Precipitate 
Pb  Bi 

Wash,  add  a few 
drops  HNO3,  di- 
lute, filter. 


Ppt. 

Bi 

White. 
See 
also 
pp.  279 
and  280. 


Filt. 

Pb 
Add 
H„SO., 
set  aside; 
white 
ppt. 
iScc 

footnote 
to  p.  270. 


Filtrate 
Cd  Cu 

Add  KCy  aud 
H..S. 


Filtrate 
As  Sb  Sn 

Add  dilute  HCl,  filter,  drain  well,  add 
concentrated  HCl,  boil,  dilute  slightly, 
filter. 


Residue 

As 

Yellow. 
Confirm 
by  Fleit- 
mann’s 
test. 


Ppt. 

Cd 

Yellow. 


Filt. 

Cu 

Acidify 

with 

HC2H3O. 

Brown 

ppt. 


Filtrate 
Sn  Sb 

Pour  into  H-apparatus. 


Sn 

remains  on  Zn. 

Dissolve  in 
HCl,  and  apply 
tests. 

See  also  p.  279. 


Sb 

escapes  as 
SbHa. 
Test  as 
usual. 


Au  and  Pt  are  specially  sought  when 
necessaiy. 


Filtrate 

Zn  Mn  Co  Ni  A1  Fe  Cr  Ba  Sr  Ca  Mg  Li  K Na  NII4 
Add  NH4O!,  NH4OH,  and  NH4SH,  warm  gently,  and  filter. 


Precipitate 
Zn  Mn  Co  Ni  Al 
Collect,  wash,  dissolve  in  HCl,  with  a few 
add  NH4OH,  stir,  filt 


Precipitate* 

Fe  Al  Cr 

Wash,  dry,  fuse  on  Pb.  foil 
with  NajCO^  and  KNOg, 
boil  in  water,  and  filter. 


Residue 

FegOg 

browii. 

Test 

original 

solution 

for 

ferrous 
or  fenic 
state. 


Filtrate 
If  yellow,  Cr 
present. 
Divide  into  two 
parts. 


Sol. 

Al 

Add 

excess 

of 

NH4CI 
and 
boil  ofl’ 
NHg. 
White 
ppt. 


Sol. 

Cr 

Add 

HCoHgO., 
and  excess 
of 

AgNOg ; 
red  ppt. 
Or  boil 
with 
HgSO* 
and  alcohol 
Green  sol. 


See  also  p.  280. 

' Test  this  also  for  Mn  by 
Crum’s  process,  p.  151. 


Sol. 

Mn 

Add 

NH4OH 

and 

NH4SH 

Buff, 

turning 

brown. 


Search 
also  for 
Mu  in 
the 

Fe  Al  Cr 
ppt. 


drops  of  HNOg,  boil. 


Filtrate 

Zfi  Mn  Co  Ni 
Acidify  v ith  HCgllgOg,  pass 
HgS,  filter. 


Precipitate 
Zu  Co  Ni 

B|)il  with  HCl  and  a little 
HNOg ; add  KOH,  filter. 


Filt. 

Zu 

Add 

H4SH. 

’ ^^hite 

ppt. 


Precipitate 
Co  Ni 

Dissolve  in  HCl 
aud  proceed  a.s 
directed  on 
p.  15(3. 


Filtrate 

Ba  Sr  Ca  Mg  Li  K Na  NH4 
Add  (NH4)2COg,  warm,  filter. 


Precipitate 
Ba  Sr  Ca 

Collect,  wash,  dissolve  in 
nC.iHgOo,  add  excess  of 
K„Crd4,  filter. 

Ppt. 

Filtrate 

Ba 

Sr  Ca 

Yellow 

Add  dilute  IlgSO,, 

let  stand,  filter. 

Ppt. 

Filt. 

Sr 

Ca 

White 

Add 

NH4OH 

and 

(NH4)20g04 

white 

ppt. 

See  also  page 

281,  and  the 

more  delicate  separation  given 

on  p.  136. 

1 

! 

Filtrate 

Mg  Li  K Na  NH4 
Add  (NH4)oHP04,  stir, 
filter. 


Ppt. 

Mg 


Filtrate  • 

Li  K Na  NII4 
Evaporate  to  small 
bulk,  add  NH4OH. 


Ppt.  I 
Li 

jScc  1 
[).  281.1 


Filtrate 
K Na  NH4 
Evaporate, 
ignite, 
dissolve. 
Test  for 
K by  HgPtClrt, 
or  by  Carnot’s 
test,  p.  82, 

Na  by  flame, 
NH,  ill 
original 
solution. 


[To  face  p.  ’ilU.  ] 


QUALITATIVE  ANALYSIS 


277 


acidy  hydrogen  sulphide,  ammonium  hydrosulphide,  ammonium 
carbonate,  and  ammonium  phosphate.  If  a group-reagent  pro- 
duces no  precipitate,  it  is  evident  that  there  can  be  no 
member  of  the  group  present.  At  first,  therefore,  add  only 
a small  quantity  of  a group-reagent,  and  if  it  j)roduces  no 
effect  add  no  more  ; for  it  is  not  advisable  to  overload  a solu- 
tion with  useless  reagents ; substances  exjiected  to  come 
down  as  precipitates  are  not  infrequently  held  in  solution  in 
the  liquid  by  excess  of  acid,  alkali,  or  concentrated  aqueous 
solution  of  some  group-reagent,  thoughtlessly  added.  Indeed, 
experienced  manipulators  make  preliminary  trials  with  group- 
reagents  on  a few  drops  only  of  the  liquid  under  examination  ; 
if  a precipitate  is  produced,  it  is  added  to  the  bulk  of  the 
original  liquid,  and  the  addition  of  the  group-reagent  con- 
tinued ; if  a precipitate  is  not  produced,  the  few  drops  are 
thrown  away,  and  the  unnecessary  addition  of  a group- 
reagent  thus  avoided  altogether,  an  advantage  fully  making 
up  for  the  extra  trouble  of  making  a preliminary  trial. — 
While  shunning  excess,  however,  care  must  be  taken  to  avoid 
deficiency  ; a substance  only  partially  removed  from  solution 
through  the  addition  of  an  insufficient  amount  of  a reagent 
will  appear  where  not  expected,  be  constantly  mistaken 
for  something  else,  and  cause  much  itrouble.  It  is  a good 
plan,  when  a group-reagent  has  produced  a precipitate  and 
the  latter  has  been  filtered  off,  to  add  a little  more  of  the 
reagent  to  the  clear  filtrate  ; if  more  precipitate  is  j)roduced, 
an  insufficient  amount  of  the  group-reagent  was  introduced 
in  the  first  instance  ; hut  the  error  is  corrected  by  simjily  re- 
filtering; if  no  ])recipitate  occurs,  the  mind  is  satisfied  and 
the  way  cleared  for  further  operations. 

Group-precipitates,  or  any  precij)itates  still  requiring  ex- 
amination, should,  as  a rule,  be  well  washed  before  further 
te.sting ; this  is  to  remove  the  aqueous  solution  of  other 
substances  adhering  to  the  |>recipitate,  so  that  subsecpient 
reactions  may  take  ])lace  between  the  reagent  used  and  the 
precipitate  only. — A precipitate  is  sometimes  in  so  fine  a 
state  of  division  as  to  retard  filtration  by  clogging  the  j)ores 
of  the  paper,  or  even  to  pass  through  the  filter  altogether  ; in 
these  cases  the  mixture  may  be  warmed  or  boiled  (or  a fresh 
■quantity  of  the  original  solution  may  be  w'armed  before  the 
1 group-reagent  is  added),  which  usually  causes  aggregation  of 
•the  particles  of  a precipitate,  and  hence  facilitates  the  i)assage 
of  liquids. 
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Division  of  Work. — It  is  immaterial  whether  a solution  he 
first  divided  into  group-precipitates  or  each  precipitate  be 
examined  as  soon  as  produced ; if  the  former  method  be 
adopted,  confusion  will  be  avoided  bj^  labelling  or  marking 
the  funnels  or  jiapers  holding  the  precipitate  “the  HCl  ppt.,” 
“ the  HjS  p])t.,”  and  so  on. 

The  colours  and  general  appearance  of  the  various  sulphides 
and  hydroxides  precipitated  should  be  borne  in  mind,  as  the 
abscmcc  of  other  substances,  as  well  as  the  presence  of  those 
precipitated,  is  often  at  once  thus  indicated. 

A pplicalion  of  con/irnialori/  lests  must  be  frequent. 

Resulls  of  anali/.ses  should  be  recorded  neatly  in  a memo- 
randum book ; a,  for  correction  and  endorsement  by  the 
teacher  ; h,  for  future  reference  by  the  student  or  by  those 
who  may  need  evidence  respecting  his  labours  ; and,  r,  to  pro- 
mote mental  orderliness. 

The  various  reacUons  which  occur  in  an  analysis  have 
already  come  before  the  reader  in  going  through  the  tests  for 
the  individual  metals  or  in  other  analytical  oj^erations  ; it  is  un- 
necessary, therefore,  again  to  construct  equations  or  diagrams. 
Hut  tlie  reactions  should  be  thought  over,  and  if  not  perfectly 
clear  to  the  mind,  be  written  out  again  and  again,  till 
thoroughly  understood. 

Special  Memoranda. 

The  Hydrochloric-acid  precipitate  may  at  first  include  some 
antimony  and  bismuth  as  oxychlorides,  readily  dissolved, 

however,  by  excess  of  acid. If  either  of  these  elements  be 

present,  the  washings  of  the  precipitate  will  probably  be 
milky ; in  that  case  add  a few  drops  of  hydrochloric  acid, 
which  will  clear  the  liquid  and  make  way  for  the  application 

of  the  test  for  lead. The  silver  chloride  and  mercurous 

chloride  precipitate  should  not  be  long  in  contact  with  the 
ammonia,  or  silver  will  be  reprecipitated  thus : — 

2AgCl  -H  2HgCl  + 4NHg  = NHg^Cl,  NH,jCl  + 2NH^  q-  2Ag 

The  hydrogen  sulphide  precipitate  may  be  whitish,  in  which 
case  it  is  nothing  but  sulphur;  for,  as  already  irdicated, 
ferric  salts  are  reduced  by  hydrogen  sulphide  to  ferrous,  and 
chromates  to  chromic  salts,  finely  divided  whitish  sulphur  being 
deposited : — 

4FeCl.,  + 2H2S  = 4FeCl2  -t-  4MC1  -1-  S.^ ; 

4Cr()3  + 2 l'l,,S  -t- 1 2 n Cl  = 4CrCl3  + 1 2 M.,( ) + .IS, 
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But  the  precipitate  may  also  be  very  slightly  yellow,  or 
even  white  when  only  a mercuric  salt  is  present,  through  an 
insufficiency  of  hydrogen  sulphide  having  produced  a chloro- 
sulphide.  The  gas  should  be  passed  through  the  liquid  until, 
even  after  well  shaking,  the  latter  smells  strongly  of  hydro- 
gen sulphide. 

The  portion  of  the  hi/drogen  sulphide  precipitate  dissolved 
by  ammonium  hydrosulphide  may  include  a trace  of  copper, 
cupric  sulphide  being  not  altogether  insoluble  in  ammonium 
hydrosulphide. On  adding  hydrochloric  acid  to  the  am- 

monium hydrosulphide  solution,  whitish  or  yellowish  sul])hur 
only  may  be  precipitated,  yellow  ammonium  hydrosulphide 
always  containing  free  sulphur. — —Concentrated  hydrochloric 
acid  does  not  readily  dissolve  small  quantities  of  antimonious 
sulphide  out  of  much  arsenious  sulphide ; and,  on  the  other 
hand,  the  concentrated  hydrochloric  acid  takes  into  solution 
a small  quantity  of  arsenious  sulphide  if  much  antimonious 
sulphide  be  present.  The  precipitates  or  the  original  solu- 
tions should  therefore  be  examined  by  the  other  (hydro- 
gen) tests  for  these  elements  if  doubt  exist  concerning  the 
presence  or  absence  of  either.  Tin  remains  in  the  hydrogen- 
bottle  in  the  metallic  .state,  deposited  as  a black  powder 
on  the  zinc  used  in  the  experiment.  The  contents  of  the 
bottle  are  turned  out  into  a dish,  ebullition  continued  until 
evolution  of  hydrogen  ceases,  and  the  zinc  is  taken  ujj  by  the 
excess  of  sulphuric  acid  employed  ; any  tin  is  then  filtered 
out,  washed,  dissolved  in  a few  drops  of  hydrochloric  acid, 

and  the  liquid  tested  for  tin  by  the  usual  reagents. Tin 

may  be  detected  in  the  mixed  tin,  arsenium,  and  antimony 
sulphides  by  the  blowpipe  reaction  (p.  216). 

The  portion  of  the  hydrogen  sulphide  precipitate  not  dissolved 
by  ammonium  hydrosulphide  may  leave  a yellow  semi-fused 
globule  of  sulphur  on  boiling  with  nitric  acid.  This  globule 
may  be  black,  not  only  from  presence  of  mercuric  sulphide, 
but  also  from  enclosed  particles  of  other  sulphides  protected 
by  the  sulphur  from  the  action  of  the  acid.  It  may  also 
contain  lead  sulphate,  produced  by  the  action  of  nitric  acid 
on  lead  sulphide.  In  cases  of  doubt  the  mass  must  be 
removed  from  the  liijuid,  boiled  with  nitric  acid  till  dissolved, 
the  solution  evaporated  to  remove  excess  of  acid,  and  the 

residue  examined  ; but  usually  it  may  be  disregarded. 

Before  testing  for  bismuth,  any  ccHisiderable  exca'ss  of  acid 
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should  be  removed  by  evaporation,  and  the  residual  liquid 
should  be  freely  diluted.  If  no  precijntate  (bismuth  oxy- 
nitrate)  appear,  ammonium  chloride  solution  may  be  added, 
bismutli  oxychloride  more  readily  forming  than  even  oxj’^- 
nitrate.  Or,  any  nitric  acid  or  sulphuric  acid  having  been 
neutralized  by  adding  ammonia,  hydrochloric  acid  is  added 
and  then  ])otassium  iodide  ; a rich  orange  colour  results  if 

bismuth  be  ])rcsent. Bismuth  may  also  be  detected  in 

the  mixed  jirecipitated  bismuth  and  lead  hydroxides,  obtained 
in  the  ordinary  course  of  analysis,  by  dissolving  a portion  of 
the  precipitate  in  acetic  acid,  and  adding  the  liquid  to  the 
hot  solution  of  lead  iodide  mentioned  in  the  reactions  for 

bismuth  (]).  2G0). In  testing  for  lead  by  means  of  sul- 

l)huric  acid,  the  liejuid  should  be  diluted  and  set  aside  for 
some  time. 

Mcrciin/  may  also  be  isolated  by  digesting  the  hydrogen 
sulj)hide  j)recipitate  in  sodium  hydrosulphide,  instead  of  am- 
monium hydrosulphide.  The  arscnium,  antimony,  tin,  and 
inercury  sulphides  are  thus  dissolved  out.  The  mixture  is 
then  filtered,  excess  of  hydrochloric  acid  added  to  the 
filtrate,  and  the  jireeipitated  sulphides  collected  on  a filter, 
washed,  and  digested  in  ammonium  hydrosulphide ; mercury 
sulphide  remains  insoluble,  while  the  arsenium,  antimony, 
and  tin  sulphides  are  dissolved.  By  this  method  copjier 
also  aj)pears  in  its  right  place  only,  cupric  sulphide  being 
insoluble  in  sodium  hydrosulphide.  The  other  metals  are 
then  separated  in  the  usual  way. 

The  ammonium  hijdrosulphide  precipilale  may,  if  the  original 
solution  was  acid,  contain  barium  - group  and  magnesium 
phosphates,  oxalates,  silicates,  and  borates.  These  will  sub- 
sequently come  out  with  the  iron,  and,  being  white,  give 
the  iron  })recipitate  a light-coloured  appearance  ; their 
examination  must  be  conducted  sepai’ately,  by  a method 
described  subsequently  in  connection  with  the  treatment  of 

substances  insoluble  in  water. The  precipitate  containing 

aluminium,  iron,  and  chromium  hydroxides  often  contains 
some  manganese.  This  manganese  may  be  detected  by 
washing  tlie  hydroxides  to  remove  all  trace  of  chlorides, 
boiling  with  nitric  acid,  adding  cither  lead  peroxide  or  red 
lead,  and  setting  the  vessel  aside ; if  manganese  be  present, 

a red  or  purple  liquid  is  produced.- Nickel  sul]ihide  is  not 

easily  removed  by  filtration  {see  j).  154)  until  mo.st  of  the 
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excess  of  ammonium  hydrosulphide  has  been  dissipated  by 
prolonged  ebullition. 

The  ammonium  carbonate  precipitate  may  not  contain  the 
whole  of  the  barium,  strontium,  and  calcium  in  the  mixture, 
unless  free  ammonia  be  present ; for  the  carbonates  of  these 
metals  are  soluble  in  water  charged  with  carbonic  acid.  If, 
therefore,  the  liquid  is  not  distinctly  ammoniacal,  solution 
of  ammonia  should  be  added. Neither  ammonium  car- 

bonate nor  ammonia  wholly  precipitates  magnesium  salts  ; 
and  as  partial  precipitation  is  undesirable,  ammonium 
chloride,  if  not  already  present  in  the  liquid,  should  be 

added. In  the  Table  opposite  p.  276,  it  is  directed  that 

strontium  be  separated  from  calcium  by  adding  dilute 
sulphuric  acid  to  the  acetic  acid  solution.  This  reagent, 
unless  e.xtremely  dilute,  may  precipitate  calcium.  Any  such 
loss  of  calcium  is  in  itself  of  little  consequence,  because 
enough  calcium  sulphate  remains  in  the  filtrate  to  afford  a 
calcium  reaction  when  solution  of  ammonia  and  ammonium 
oxalate  are  subsequently  added.  But  the  calcium  sulphate 
precipitated  by  the  sulphuric  acid  may  be  wrongly  set  down 
as  strontium  sulphate.  Therefore  test  a little  of  the  acetic 
acid  solution  for  strontium  by  adding  an  aqueous  solution 
of  calcium  sulphate,  when,  if  no  precipitate  falls  after  setting 
aside  for  several  minutes,  strontium  may  be  regarded  as 
ab.sent.  If  a precipitate  occurs,  strontium  is  present : the 
rest  of  the  acetic  acid  solution  is  then  tested  for  calcium  as 
directed  in  the  Table,  the  final  testing  by  means  of  ammonium 
oxalate  being,  of  course,  preceded  by  the  addition  of 

ammonia. Barium  may  be  overlooked  if  oxidation 

happens  to  have  converted  any  sulphur  into  sulphuric  acid. 

Z.j//n«w.— Should  a precipitate,  suj>posed  to  be  due  to 
lithium,  be  obtained,  it  must  be  tested  in  the  Bunsen 
1 name.  If  the  characteristic  crimson  flame  coloration  is  not 

■ observable,  the  precipitate  is  probably  due  to  a small  quan- 
^ :'v  magnesium,  which  not  infrequently  shows  it.self  under 
_ the  conditions  requisite  for  the  precipitation  of  lithium.  If 
I present  only  m minute  iirojiortions,  the  lithium  may  also 

■ remain  with  the  alkali-metals  ; it  can  then  be  detected  by 
1 means  «f  the  .spectroscojie.  Such  a method  of  examina- 

lon  i.s  ca  ed  spectrum  analysis,  a subject  of  much  intere.st 
I and  of  no  great  difficulty;  it  will  be  described  liriefly  in 
connection  with  the  methods  of  analysing  solid  .sub.stances. 
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QUESTIONS  AND  EXERCISES 

Describe  a general  method  of  analysis  by  which  the  metal  of  a 
single  salt  in  a solution  could  be  quickly  detected. — Give  illustra- 
tions of  black,  white,  buif,  yeUow,  and  orange  sulphides. — Mention  the 
group-reagents  usually  employed  in  analysis. — Under  what  circum- 
stances may  a hydrochloric  acid  precipitate  contain  antimony  or  bis- 
muth ? — If  a hydrogen  sulphide  precipitate  is  white,  what  substances 
are  indicated  ? — Give  processes  for  the  qualitative  analysis  of  liquids 
(!ontaining  the  following  substances  : — n.  Arsenium  and  Cadmium,  b. 
Bismuth  and  Antimony,  r.  Antimony  and  Mercurous  salt.  d.  Silver 
and  Mercurous  salt.  «.  Ferrous  and  Ferric  salts.  /.  Aluminium,  Iron, 
and  Chromium,  t/.  Arsenium,  Antimony,  and  Tin.  Ii.  Lead  and 
Strontium,  i.  Lead  and  Mercuric  salt.  ;/.  Copper  and  Arsenium. 
k.  Aluminium  and  Zinc.  /.  Iron  and  Copper,  m.  Iron,  Sodium,  and 
Arsenium.  it.  Mercury,  Manganese,  and  Magnesium.  o.  Zinc, 
Manganese,  Nickel,  and  Cobalt,  p.  Barium,  Strontium,  and  Calcium. 
(/.  Zinc,  Magnesium,  and  Ammonium,  r.  Aluminium  and  Magnesium. 
.V.  Iron,  Barium,  and  Potassium.  L Magnesium,  Calcium,  and  Potas- 
sium. u.  Silver,  Antimony,  Zinc,  Barium,  and  Ammonium, 
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With  the  exception  of  aminonLum,  NH,j,  the  twenty-seven 
radicals  which  have  up  to  this  point  mainly  occupied  atten- 
tion, are  metals.  They  have  been  studied  for  the  most  part, 
not  in  the  free  or  uncombined  state,  but  in  the  condition  in 
wliicli  they  exist  in  salts,  ^.c.,  as  the  metallic  radicals  of  salts. 
As  already  mentioned  (see  j).  60),  salts  may  be  regarded 
as  composed  of  a metallic  radical  united  with  an  acid  radical. 
Every  acid,  too,  may  be  regarded  as  consisting  of  hydrogen, 
which  plays  the  part  of  a metallic  radical,  united  with  an  acid 
radical ; and  hence  the  acids  are  sometimes  called  hydrogen 
salts.  When  the  place  of  this  hydrogen  in  an  acid  is  taken 
by  a metal,  the  product  is  simply  called  a salt.  In  this 
section  of  the  Manual,  we  shall  take  up  the  study  of  a number 
of  important  salts  from  the  point  of  view'  of  the  acid  radicals 
which  they  contain  and,  incidentally,  we  shall  also  study  the 
acids,  in  which  these  radicals  occur  in  combination  with 
hydrogen. 

Just  as  there  are  univalent,  bivalent,  etc.,  metallic  radicals, 
so  there  are  univalent,  bivalent,  etc.,  acid  radicals.  The  acids 
corresponding  to  these  radicals  contain  one,  hvo,  etc.,  atoms 
of  displaceable  hydrogen,  and  on  this  account  are  called 
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c monobasic,  dibasic,  etc.,  acids:  thus,  hydrochloric  acid,  HCl, 

I is  monobasic;  sulphuric  acid,  H^SO^,  is  dibasic;  ortho- 
C phosphoric  acid,  H3PO^,  is  tribasic.  Acids  of  higher  basicity 
I are  also  known. 

The  student  should  note  carefully  the  signification  of  the 
words  strong  and  iceak  as  applied  to  acids,  and  must  not  con- 
fuse the  ideas  implied  by  these  terms  with  those  conveyed 
respectively  by  the  description  of  acids  as  conceniralcd  and 
diluted  (not  necessarily  “diluted,”  i.e.,  prepared  by  dilution). 
A strong  acid  is  one  which  exhibits  the  characters  of  an 
acid  in  a well-marked  manner,  while  a weak  acid  only 
possesses  these  characters  to  a limited  extent.  Considered 
in  this  respect,  sulphuric  acid  is  a strong  acid,  while  acetic 
acid  is  a weak  one.  The  stale  of  concentration  of  an  acid  is 
often  described  as  its  “ strength,”  but  this  usage  is  not  to  be 
commended,  the  single  word  “ concentration  ” being  the 
term  which  is  now  usually  employed  in  chemistry  to  designate 
this  degree  of  concentration  or  “state  of  concentration.” 
Sulphuric  acid,  even  when  dilute,  is  still  a strong  acid, 
while  acetic  acid,  even  when  highly  concentrated,  is  still  a 
comparatively  weak  acid.  With  regard  to  two  samples  of 
dilute  acid,  the  one  of  which  contains,  say,  fifteen,  and  the 
other  twenty  per  cent,  of  sulphuric  acid,  it  would  be  correct 
I to  say  that  the  concentration  of  the  latter  is  greater  than  that 
I of  the  former,  i.e.,  that  in  any  given  volume  of  the  latter 

j solution  there  is  moi’e  sulphuric  acid  than  in  the  s.ame 

volume  of  the  former  solution. 


HYDROCHLORIC  ACID,  HCl,  and  other 
Chlorides 

The  acid  radical  of  hydrochloric  acid  and  of  other 
chlorides  is  chlorine.  Cl.  Chlorine  occurs  in  nature  chiefly 
as  sodium  chloride,  NaCl.  Sodium  chloride  is  a very 
abundant  substance,  occurring  either  solid  as  rock-.sall,  dei)osits 

0 V,  lich  exist  in  Cheshire,  at  Sta.ssfurt,  and  elsewhere,  or  in 
so  ution  in  the  water  of  all  seas.  Common  table-salt  is  more 

01  less  pure  sodium  chloride  in  minute  cry.stals.  Chlorine,  in 
hydrochloric  acid  and  the  chlorides,  is  univalent  (Cl');  its 
a omic  weight  is  35T9.  The  molecular  formula  for  chlorine 
IS  CI3.  Hydrochloric  acid  is  a monobasic  acid. 
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Hydrochloric  Acid 

Expcnvieut  1. — To  a few  fragments  of  sodium  ehloride 
in  a test-tube  or  small  flask,  add  about  an  equal  weight 
of  sulphuric  acid  ; colourless  hydrochloric  acid  gas  is  evolved, 
and  sodium  hydrogen  sulj)hate  remains.  Adapt  to  the 
mouth  of  the  vessel,  by  means  of  a perforated  cork,  a piece 
of  glass  tubing  bent  to  a right  angle  ; heat  the  mixture  (fig. 
10,  p.  22,  or  fig.  .37,  below)  and  convey  the  gas  into  a little 
water  ; solution  of  hydrochloric  acid  results. 

NaCl  + I-I2SO4  = HCl  + NaHSO^ 

Hodium  8nl])lmiin  Ilydronlilorlo  Sodium  hydrognu 

olilorldtt  arid  acid  Hulplmtn 

'I’he  product  of  this  ojieration  is  tlie  nearly"  colourless  and 
very  sour  li(juid  commonly  termed  hydrochloric  acid.  When  of 
certain  “concentrations  ” (determined  by  volumetric  analysis), 
it  forms  Acuhnn  lli/droc/i/oi'icim,  B.P.,  and  Acidnm  Hydro- 
rldoricitm  DHutum,  B.l’.  The  former  has  a specific  gi’avity  of 


1T6  (1'1678),  and  contains  3T79  per  cent,  of  real  acid;  the 
latter,  specific  gravity  T0.52,  with  10’.58  per  cent,  of  real  acid, 
is  made  by  diluting  6 fluid  parts  of  the  more  concentrated 
acid  with  water  until  the  mixture  measures  20  fluid  parts. 
The  above  process  is  that  of  the  manufacturer — larger  vessels 
being  em])loyed,  and  the  gas  being  freed  from  any  trace  of  sul- 
phuric acid  by  washing.  Other  chlorides  yield  hydrochloric 
acid  when  heated  with  sulphuric  acid  ; but  sodium  chloride 
is  always  used  because  it  is  j)lcntiful  and  therefore  chea]). 
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Commercial  lii/droch/oric  acid  is  a by-product  in  the  manu- 
facture of  sodium  carbonate  from  common  salt  (by  the  pro- 
cess in  which  sodium  chloride  is  first  converted  into  sulphate, 
hydrochloric  acid  being  liberated  and  dissolved  in  water). 
This  impure  acid  has  a yellow  colour  and  is  liable  to  contain 
iron,  arsenium,  alkali-metal  salts,  sulphuric  acid,  and  nitrous 
compounds ; sometimes,  also,  sulj)hurous  acid  or  chlorine. 

Invisible  gaseous  hydrochloric  acid  forms  visible  greyish- 
white  fumes  on  coming  into  contact  with  air.  This  is  due 
to  its  abstracting  moisture  from  the  air  and  dissolving  in  it, 
the  fumes  consisting  of  minute  particles  of  solution  of  hydro- 
chloric acid.  The  great  readiness  with  which  hydrochloric 
acid  gas  dissolves  in  water  is  strikingly  dem«aistrated  on 
opening  a test-tube  full  of  the  gas  under  water ; the  latter 
rushes  into  and  instantly  fills  the  tube.  If  the  water  is 
tinged  with  blue  litmus,  the  acid  character  of  the  gas  is 
prettily  shown  at  the  same  time.  The  test-tube,  which 
should  be  perfectly  dry,  may  be  filled  from  the  delivery-tube 
direct ; for  the  gas  is  somewhat  heavier  than  air  and  there- 
fore readily  displaces  it.  At  low  temperatures  hydrochloric 
acid  and  water  form  a crystalline  compound,  HCl,  2H2O. 

iSole. — The  process,  as  described  (p.  284),  includes  the  use 
of  as  much  sulphuric  acid  as  is  necessary  for  the  production 
of  the  acid  sodium  sulphate,  NaHSO^,  which  remains  in  the 
generating  vessel.  A hot  solution  of  this  residue,  neutral- 
ized by  sodium  carbonate,  filtered  and  set  aside,  yields 
normal  sodium  sulphate  (Sodii  Sulphas,  B.P.)  Glauber’s  Salt, 
Na.^SO^lOH^O,  in  the  form  of  transparent,  oblique, 
efflorescent  prisms. 

2NaHS04  + Na.-C03  = ^Na^SO^  -t  H,()  + CO„ 

Sodium  iiydrogen  Sodium  Sodium  Wa“ter  Carbouic 

Aulp]i3>tc  carboiiflptc  sulphate  luiliytlrido 

In  the  commercial  preparation  of  sodium  sulphate  for  the 
manufficture  of  sodium  carbonate  by  the  Leblanc  process,  the 
proportions  in  which  the  sodium  chloride  and  the  sulphuric 
acid  are  employed  are  those  required  to  form  normal  sodium 
sulphate  and  not  acid  sodium  sulphate.  'I’o  carry  out  this 
reaction  a higher  temperature  is  necessary.  2NaCl -f  H..SO, 
= 2HCl-f  Na.SO,.  “ ' 

Chlorine 

experiment  2. — To  some  drops  of  hydi’ochloric  acid  (that 
is,  the  common  acjueous  solution  of  the  gas)  add  a few  grains 
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of  black  manganese  oxide,  and  warm  the  mixture  ; chlorine 
is  evolved,  and  may  be  recognised  by  its  peculiar  odour, 
and  by  its  highly  irritating  effect  on  the  nose  and  air- 
passages. 

4HC1  + MnO^  = Cl.^  + 2H^O  + MnCl, 

Clilorhie-wdter. — The  above  is  the  process  of  the  British 
Pharmacoj)ocia  for  the  production  of  chlorine-water  (Solution 
of  Chlorine,  B.P.),  the  gas  being  first  washed  and  then  passed 
into  water.  One  ounce  of  black  manganese  oxide  to  six 
fluid  ounces  of  hydrochloric  acid  diluted  with  two  of  water 
(the  resulting  gas  being  passed  through  a wash-bottle  con- 
taining about  two  ounces  of  water)  yield  enough  chlorine  to 
produce  a pint  and  a half  of  chlorine- water.  (On  this  small 
scale,  less  than  half  the  acid  is  utilized,  owing  to  incomplete 
decompo.sition  of  the  materials  and,  esjjeciall}^^  to  incomplete 
absorption  of  the  chlorine.)  When  chlorine-water  is  exposed 
to  daylight,  the  chlorine  slowly  decomj)oses  water  with  pro- 
duction of  hydrochloric  acid  and  oxygen  ; hence  the  solution 
should  be  freshly  2)rej)arcd ; it  is  best  preserved  in  a green 
glass  well-stoppered  bottle  in  a cool  and  dark  place.  At 
ordinary  temperatures  (60°  F.,  15-5°  C.),  if  fresh  and 
thoroughly  saturated,  chlorine-water  contains  more  than 
twice  (2  3 times)  its  bulk  of  chlorine,  or  less  than  1 per 
cent,  (about  0'75)  by  weight.  Chlorine  passed  into  cold 
water  yields  crystals  of  chlorine  hydrate,  C1,„8H20,  and 
these,  when  heated  in  a sealed  tube  under  pressure,  give 
an  upper  layer  of  chlorine-water  and  a lower  layer  of  lupdd 
chlorine. 

Note. — To  obtain  the  chlorine  from  other  chlorides,  such 
as  sodium  chloride,  sulphuric  acid,  as  well  as  black  manganese 
oxide,  must  be  added.  It  may  be  assumed  that  hydrochloric 
acid  is  first  foi'med  by  the  action  of  sulphuric  acid  on  the 
sodium  chloride,  and  that  this  then  interacts  with*  black 
manganese  oxide  and  more  sulphuric  acid  to  form  chlorine, 
manganous  sulphate,  and  water.  The  following  equations 
may  rej)resent  these  stejis  in  the  ])rocess  : — 

2NaCl  -f  HoSO^  = Na„SO,  + 2HC1, 

M11O2  -1-  2I-IC1  -t-  HjSCIj  = CI2  -t-  MnS(),j  -t-  2H2O  ; 

or  the  whole  may  be  included  in  one  equation  : 

2NaCl  -f  MnO.2  -t-  2H2SO^  = Na2SO^  -t-  MnSO.,  + 2H2O  + CI2 
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TL'liis  rciiction  rnuy  occcisioricilly  liavc  cincilytical  intcicst^  h 
very  small  quantity  of  a chloride  being  recognisable  by  its 
means.  But  the  following  reaction  is  nearly  always  appli- 
cable for  the  detection  of  this  element^  and  leaves  little  to  be 
desired  in  point  of  delicacy  : — 

Analytical  Reaction  of  Chlorides. 

To  a drop  of  hydrochloric  acid,  or  to  a dilute  solution  of 
any  other  chloride,  add  solution  of  silver  nitrate  ; a white 
curdy  precipitate  of  silver  chloride,  AgCl,  is  produced.  Pour 
away  the  supernatant  liquid,  add  nitric  acid,  and  boil ; the  pre- 
cipitate does  not  dissolve.  Pour  away  the  acid,  and  add  dilute 
solution  of  ammonia ; the  precipitate  quickly  dissolves. 
Neutralize  the  solution  by  adding  an  acid  ; the  curdy  pre- 
cipitate again  appears. 

The  formation  of  this  white  precipitate,  its  appearance, 
insolubility  in  boiling  nitric  acid,  solubility  in  solution  of 
ammonia  and  reprecipitation  by  an  acid,  form,  in  the  known 
absence  of  bromide,  abundant  evidence  of  the  presence  of  a 
chloride. 

If  free  hydrochloric  acid  be  present  in  quantity  in  a solu- 
tion, it  will,  in  addition  to  the  reaction  with  silver  nitrate, 
give  rise  to  strong  effervescence  on  the  addition  of  a carbonate, 
. a chloride  being  formed.  The  chlorine  in  insoluble  chlorides, 
: such  as  calomel,  white  preciijitate,  etc.,  may  be  detected  by 
boiling  with  caustic  alkali,  filtering,  acidulating  the  filtrate 
I by  means  of  nitric  acid,  and  then  adding  the  silver  nitrate. 

Antidotes. — In  cases  of  poisoning  by  hydrochloric  acid, 
solution  of  sodium  carbonate  (common  washing-soda)  or  a 
I mixture  of  magnesia  and  water  may  be  administered. 


QUESTIONS  AND  EXERCISES 

The  official  Hydrochloric  Acid  contains  31 ‘8  per  cent,  by  weight 
h of  gas,  and  its  specific  gravity  is  1T6  ; calculate  what  volume  of  it  will 
bbe  required,  theoretically,  to  mix  with  black  manganese  oxide  for  the 
production  of  one  gallon  of  chlorine- water,  one  fluid  ounce  of  which 
t'contains  2'66  grains  of  chlorine.  An.i.,  .5^  fl.  ozs.  nearly  (.'>•4). — Why 
bdoes  hydrochloric  acid  gas  give  visible  fumes  on  coming  into  contact  with 
Hair? — How  much  sodium  chloride  will  be  required  to  furnish  one  pound 
f'Of  chlorine? — Give  the  analytical  reactions  of  chlorides. — What  anti- 
f dotes  may  be  administered  in  cases  of  poisoning  by  hydrochloric 
acid  ? 
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HYDROBROMIC  ACID,  HBr,  and  other 
Bromides 


Bromiuc  : Source,  Preparation,  and  Properties. — Tlie  acid 
radical  of  hydrobi’omic  acid  and  other  bromides  is  bromine,  Br 
(Bromine,  B.P.).  liromine  occurs  in  natui'e  in  the  form  of 
bromides  in  sea-water  and  certain  saline  springs,  and  is  pre- 
pared from  the  Inttcrn,  or  residual  licjuors  of  salt  works.  It 
may  be  liberated  from  bromides  by  a jn’oeess  similar  to  that 
emplo3'ed  for  liberating  chlorine  from  chlorides— that  is, 
by  heating  with  black  manganese  oxide  and  sulphuric  acid 
{sec  note  on  p.  286)  ; but  is  now  largely  obtained  by  liberat- 
ing it  from  bromides  by  the  action  of  chlorine.  (Compare 
I’eaction  2,  ]).  290.)  It  is  a dark-red  volatile  licpiid  of  specific 
gravity,  2'97  to  3'14,  and  possessing  an  odour  moi'e  irritating, 
if  possible,  than  that  of  chlorine. — Its  boiling  point  is  135- 
145°  1'.,  57‘2-G2‘7°  C.).  Bromine  in  hydrobromic  acid  and 
the  bromides,  is  univalent  (Br').  Its  atomic  weight  is  79'35, 
and  its  molecular  formula  is  Br^. 


Ili/drobromic  Acid. — Hydrogen  bromide,  or  hydrobromic 
acid,  may  be  made  by  decomposing  phosjihorus  tri-bromide  or 
pentabromide  by  means  of  water;  PBi’g  + 3H2O  = 3HBr + 
HgPOg,  or  PBrg-t-4M./)  = 5MBr+ HgPO^.  A small  quantity 

is  prejnired  by  placing 
seven  or  eight  drops  of 
bromine  at  the  bottom  of 
a test-tube,  putting  in  frag- 
ments of  glass  to  the  height 
of  about  an  inch  or  two, 
then  ten  or  eleven  grains 
of  red  phosphorus,  then 
another  inch  of  glass,  and 

finally  a couple  of  inches 
no.  38.-Prei.aratiou  of  Hydrobromic  AcUI.  fragments  slightly 

wetted  with  water,  a delivery-tube  being  fitted  by  means  of 
a cork.  The  phosphorus  combines  readily,  almost  violently, 
with  the  bromine  as  soon  as  the  vapour  of  the  latter,  aided 
by  gentle  heating,  comes  into  contact  with  the  phos])horus. 
The  jihosphorus  tri-bromide  thus  ft)rmed  then  suffers  decom- 
position by  the  water  of  the  moist  glass,  hydrobromic  and 
phosphorous  acids  being  produced.  The  hydrobromic  acid 
gas  passes  over  (further  heat  being  api)lied  in  the  later 
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stages  of  the  operation)  and  may  he  led  into  water  or  solu- 
tion of  ammonia.  The  latter  solution  on  evaporation  yields 
ammonium  bromide. 

Solution  of  hydrobromic  acid  may  also  be  prepared  by 
passing  hydrogen  sulphide  through  bromine  covered  with 
water,  until  all  colour  has  disappeared,  and  then  distilling  the 
mixture.  lOBr.^  + 4H.,S  + 8Hp  = 20HBr  + 2H,SO^  + S.^.  A 
better  method  is  that  of  Scott,  who  prepares  pure  solution  of 
hydrobromic  acid  by  passing  purified  sulphurous  anhydride 
into  water  lying  over  a layer  of  bromine,  until  a homogeneous 
liquid,  still  slightly  yellow  from  the  presence  of  free  bromine, 
is  obtained  ; and  then  distilling  this  liquid  several  times,  so 
as  to  remove  uncombined  bromine  and  traces  of  sulphuric  acid. 
Br., -I-  SO.,  -t-  2H.,0  = 2HBr  + H.,SO^.  For  rapidly  obtaining  a 
solution  of  hydrobi’omic  acid  on  a small  scale,  H.  Marshall 
recommends  the  addition  of  sulphuric  acid  to  a saturated 
solution  of  barium  bromide,  in  a quantity  nearly  but  not 
quite  sufficient  to  precipitate  the  whole  of  the  barium  as 
.sulphate,  followed  by  filtration  of  the  solution,  and  distillation. 

Hydrobromic  acid,  like  hydrochloric  acid,  is  monobasic. 

Aciclion  Hydrohrotnicmn  Diluitm,  B.P.,  is  prepared  by  the 
distillation  of  potassium  bromide  with  concentrated  phos- 
phoric acid.  Its  specific  gravity  is  1-077,  and  it  contains 
10  per  cent,  by  weight  of  hydrogen  bromide,  HBr. 

Potassium  Bromide,  KBr,  is  very  lai-gely  employed  in  phar- 
macy, and  may  be  used  in  studying  the  reactions  of  bromides. 
The  officially  recognised  method  of  making  the  salt  has  been 
alluded  to  under  the  potassium  salts  (p.  79). 

Sodium  Bromide  crystallizes  in  anhydrous  cubes,  NaBr, 
from  .solutions  at  110°  to  120°  F.  (43-3°-48-8°  C.),  and  in 
hydrous  prism.s,  NaBr,  2bFO,  at  ordinary  temperatures. 

Ammordum  Bromide,  NH_jBr  (Ammouii  Bromiduvi,  B.P.), 
may  be  made  by  neutralizing  hydrobromic  acid  with  ammonia  : 
HBr  + N H^OPl  = N HJlr  + HA).  It  forms  colourless  crystals 
which  may  become  slightly  yellow  on  exposure  to  air.  It  is 
readily  .soluble  in  water,  less  so  in  alcohol,  and  sublimes  when 
heated. 

Other  brmnides  are  seldom  used  ; they  may  be  ])repared  in 
the  same  way  as  the  corresponding  chlorides  or  iodides,  which 
they  closely  resemble. 

Solution  of  Bromine,  B.P.,  1 part  in  150,  is  an  aciueous 
solution,  bromine  being  slightly  soluble  in  water. 
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11  i/pohromilex  and  Bromal.es,  analogous  to  liypoclilorites  and 
chlorates,  can  easil}^  be  prepared. 

Bromates,  occurring  as  impurity  in  bromides,  are  detected 
by  dropjhng  dilute  sulphuric  acid  upon  the  salt ; a yellow 
colour,  due  to  free  bromine,  is  })roduced  immediately  if  bromates 
are  present : — 

KBr  + H^SO,  = HBr  + KHSO, 

KBr()3+  H„S0^  = HBr03+  KHSO, 

5HBr  + HBrOy  = 3131-3  + 3H3O 

Analytical  Reactions  o f Bromides. 

1.  'I'o  a few  drops  of  a solution  of  a bromide  (KBr  or 
NM,Br)  add  solution  of  silver  nitrate;  a yellowish-white 
precipitate  of  silver  bromide,  AgBr,  is  produced.  Treat 
the  precipitate  successively  with  nitric  acid  and  dilute  .solu- 
tion of  ammonia,  as  described  under  silver  chloride ; it  is 
dissolved  by  the  ammonia  solution,  but  somewhat  less 
readily  than  the  silver  chloride. 

2.  'I’o  a solution  of  a bromide  add  a few  drojis  of  chlorine 
water,  or  pass  in  some  bubbles  of  chlorine  gas ; then  add  a 
few  dro])s  of  chloroform,  or  ether,  or  carbon  bisulphide, 
shake  the  mixture,  and  set  the  test-tube  aside ; the  chlorine 
disjilaces  the  bromine,  which  is  dissolved  by  the  chloroform, 
ether,  or  carbon  bisulphide  (the  solution  falling  to  the 
bottom  of  the  tube  in  the  case  of  the  heavy  chloroform  or 
carbon  sulphide,  or  rising  to  the  top  in  the  case  of  the  light 
ether).  The  solution  of  bromine  has  a distinct  yellow,  or 
reddish-yellow,  or  red  colour,  according  to  the  amount  of 
bromine  present  in  it.  2KBr  + CI3  = 2KC1 -t- Br^. 

Notes. — This  reaction  serves  for  the  isolation  of  bromine 
when  mixed  with  many  other  substances.  Excess  of  chlorine 
must  be  avoided,  as  colourless  bromine  chloride  is  then 
formed.  Iodides  give  a somewhat  similar  appearance  ; the 
absence  of  iodine  must  therefore  be  ensured  b}^  a process 
given  in  the  next  section.  I'he  above  solution  in  chloroform 
or  ether  may  be  removed  from  the  tube  by  drawing  it  up 
into  ii  pipette  (small  pipe — a narrow  glass  tube,  usually  having 
a bulb  or  ex))anded  portion  in  the  middle) ; the  bromine 
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which  it  contains  may  be  converted  into  relatively  non- 
volatile salts  by  the  addition  of  a drop  of  solution  of  caustic 
potash  or  soda  ; the  chloroform  or  ether  may  then  be  removed 
by  evaporation,  and  the  residue  tested  as  described  in  the 
next  paragrajih. 

3.  Liberate  bromine  from  a bromide  by  the  cautious 
addition  of  chlorine  or  chlorine-water,  then  add  a few  drops 
of  cold  mucilage  of  starch  ; a yellow  combination  of  bromine 
and  starch,  termed  “starch  bromide,”  is  formed. 

Bromine  may  also  be  liberated  from  bromides  by  adding 
concentrated  sulphuric  acid  and  some  black  manganese 
oxide,  and  gently  heating.  Even  sulphuric  acid  alone, 
if  concentrated,  liberates  bromine  from  a bromide,  the 
hydrogen  of  the  hydrobromic  acid  combining  to  some  extent 
with  the  oxygen  of  the  sulphuric  acid,  and  the  latter  being 
reduced  to  sulphurous  anhydride  : — 

2KBr  + 2H,SO^  = K^SO^  + Br,  + SO^  -f  2H.p 

HYDRIODIC  ACID,  HI,  and  other  Iodides 

Iodine : Source. — The  acid  radical  of  hydriodic  acid  and 
other  iodides  is  iodine,  I.  Iodine  occurs  in  nature  in  the 
I form  of  iodides,  in  sea-water.  Sea-weeds,  sponges,  and  other 
I marine  organisms,  wliich  derive  much  of  their  nourishment 
! from  sea-water,  store  up  iodides  in  their  tissues  ; and  it  is 
I from  the  ashes  of  tliese  that  supplies  of  iodine  [lodum,  B.P.) 

I are  obtained.  Iodine  also  occurs  in  the  form  of  iodates  in 
' crude  sodium  nitrate. 

Preparation. — The  sea-weed  ash,  or  kelp,  is  treated  with 
' water,  insoluble  matter  thrown  away,  and  tlie  decanted  liquid 
' evaporated  and  set  aside  to  allow  of  the  deposition  of  most  of 
I the  sodium  and  potassium  sulphates,  carbonates,  and  chlorides. 

rile  residual  liquor  is  treated  with  excess  of  sulphuric  acid, 

I which  causes  evolution  of  carbonic  anhydride  and  of  sulphur- 
I ous  anhydride  or  hydrogen  sulphide,  dejiosition  of  sulphur 
i and  more  sodium  sulphate,  and  formation  of  hydriodic  acid. 
1 o the  decanted  liipiid  black  manganese  oxide  is  added,  and 

I t e mixture  is  then  slowly  distilled  ; the  iodine  sublimes  and 
is  afterwards  purified  by  resublimation. 

2HI-f-MnO,+  ILS0,  = Mn.S(),-t-2II,0  + I., 
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PwperLies — Iodine  is  a crystalline  purplish-black  solid  ; 
its  vapour,  readily  seen  on  heating  a fragment  in  a test-tube, 
is  dark  violet.  The  vapour  is  irritating  to  the  lungs  ; but  a 
(race  may  be  inhaled  with  safety.  Iodine  melts  at  230°  F. 
(110  C.),  boils  at  about  392°  F.  (200°  C.),  the  first  portions 
containing  any  cyanogen  iodide  that  may  be  present.  The 
latter  substance,  which  is  rarely  present  in  iodine,  forms 
slender,  colourless  prisms,  which  emit  a jningent  odour. 

SoliilioH  oj  Iodine. — Iodine  is  slightly  soluble  in  water 
(iodine-water),  and  readily  soluble  in  an  aqueous  solution  of 
potas.sium  iodide.*  One  and  a quarter  ounces  of  iodine  and 
three-(]uarters  of  an  ounce  of  potassium  iodide,  dissolved  in  a 
mixture  of  distilled  water  and  alcohol,  form  Liiiuor  lodi  Furlis, 
B.P.  Tincinrn  lodi,  B.P.,  is  a similar  {)reparation  of  different 
strength.  20  grains  of  iodine  and  20  of  jiotassium  iodide, 
rubbed  with  GO  grains  of  glycerin,  and  400  grains  of  lard, 
form  Ungnentum  lodi,  B.P. 

Iodine  combines  with  sulphur,  forming  an  unstable, 
greyish-black,  solid  iodide,  S.^I^,  having  a radiated  crystal- 
line structure  (^Sidphiiri.s'  lodidum,  B.P.).  Ungnentum  Sulphnru' 
lodidi,  B.P.,  is  a mixtui’c  of  this  iodide  with  glycerin  and 
lard. 

Iodine,  in  hydriodic  acid  iind  the  iodides,  is  univalent  (T). 
The  atomic  weight  of  iodine  is  125'9  ; its  molecular  formula 
is  Ig. 

Iltjdriodic  Acid. — Hydrogen  iodide,  or  hydriodic  acid,  is  a 
heavy  colourless  gas.  A solution  of  it  in  water  may  be  made 
by  })assing  hydrogen  sulphide  into  water  in  which  iodine  is 
suspended,  the  chief  reaction  being  ; — H.^S  + I2  = S -I-  2HI. 
See  the  analogous  reaction  for  HBr,  p.  289. 

Hydriodic  acid  may  also  be  prepared  by  placing  twenty 
j)arts  of  iodine  and  two  of  water  in  a retort,  the  neck  of 
which  points  upwards  and  the  end  of  the  neck  of  which  is 
connected  by  a glass  tube  with  a bottle  or  other  vessel  con- 
taining a little  water.  Into  the  tubulure  of  the  retort  there  is 
passed  (at  first  a drop  at  a time)  a mixture  of  one  part  of  red 
phosphorus  with  two  of  water.  Abundance  of  hydriodic  acid 
is  evolved  on  the  gentle  ap{3lication  of  heat,  and  dissolves  in 
the  water  in  the  receiver.  Phosphoric  acid  remains.  — 

* Iodine  forms  differently  coloured  solutions  with  different  solvents  ; 
e.q.  the  solution  in  water,  alcohol,  ether,  or  aq^ueous  solution  of 
potassium  iodide  is  brown,  while  the  solution  in  chloroform,  benzene, 
or  carbon  bisulphide,  is  violet. 
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P^+ 10  I.,  + 16H^O  = 20HI  + iHgPO^.  See  the  analogous  re- 
action for  HBr,  p.  288. 

Hydriodic  acid  may  also  be  prepared  by  dissolving  iodine 
in  carbon  bisulphide  in  a tall  cylinder,  adding  water  and 
passing  hydrogen  sulphide  through  the  mixture.  The  water 
dissolves  the  hydriodic  acid  produced,  the  bisulphide  retaining 
the  sulphur.  The  aqueous  solution  only  needs  boiling  for 
two  or  three  minutes  to  remove  excess  of  hydrogen  sulphide. 

Syrnpus  Acidi  Hydriodici,  U.S.P.,  contains  about  1 per 
cent,  of  hydrogen  iodide. 

Potassium  Iodide,  KI,  is  largely  used  in  medicine,  and 
is  a convenient  salt  on  which  to  experiment  in  studying  the 
reactions  of  iodides. 

Nitrogen  Iodide  is  formed  when  excess  of  aqueous  ammonia 
is  added  to  a solution  of  iodine  in  potassium  iodide. 

Analytical  Reactions  of  Iodides. 

1.  To  a few  drops  of  an  aqueous  solution  of  an  iodide 
{e.g.  Kl)  add  solution  of  silver  nitrate;  a pale  yellow  pre- 
cipitate of  silver  iodide,  Agl,  is  produced.  Pour  away  the 
supernatant  liquid,  and  treat  the  precipitate  with  nitric  acid  ; 
it  is  not  dissolved.  Pour  away  the  acid,  and  then  add  solution 
of  ammonia  ; the  precipitate  is  almost  unchanged. 

2.  Liberate  iodine  from  an  iodide  by  the  cautious  addition 
of  chlorine-water,  then  add  starch  mucilage  ; a deep-blue 
combination  of  iodine  and  starch,  termed  “starch  iodide,”  is 
formed. 

This  reaction  is  very  delicate  and  characteristic.  Heat 
decomposes  the  blue  compound.  Excess  of  chlorine  must  be 
avoided,  or  a solution  of  iodic  acid  will  be  produced,  which  is 
colourless.  Nitrous  acid,  or  a nitrite  acidulated  with  sulphuric 
acid,  may  be  used  instead  of  chlorine.  Concentrated  sulphuric 
acid  also  liberates  iodine  from  iodides,  tlie  hydrogen  of  tlie 
hydriodic  acid  first  produced  uniting  witli  the  oxygen  of  the 
sulphuric  acid  whereby  the  latter  is  reduced  to  sulpluirous 
anhydride,  or  even  to  hydrogen  sulphide. 

In  testing  bromine  for  the  presence  of  iodine,  the  bromine 
^ converted  into  hydrobroinic  acid  by  means 

ot  dilute  solution  of  sulphurous  acid  (see  ji.  289,  Scott’s  process) 
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or  be  nearly  all  removed  by  addition  of  caustic  soda,  before 
the  starch  mucilage  is  added. 

Ozone  (O3). — Papers  soaked  in  starch  mucUage  containing 
potassium  iodide  form  a test  for  free  chlorine  and  nitrous  acid, 
and  are  also  employed  by  meteorologists  to  detect  an  allo- 
tropic  and  very  active  form  of  oxygen,  termed  by  Schonbein 
ozone  (from  o^w,  ozo,  1 smell),  which  also  liberates  iodine  from 
potassium  iodide  with  formation  of  starch  iodide.  Ozone  is 
supposed  to  occur  normally  in  the  atmosphere,  the  salubrity  or 
insalubrity  of  which  is  said  to  be  dependent  to  some  extent  on 
its  presence  or  absence.  'I'he  possible  occurrence  in  the  air 
of  nitrous  or  otlicr  oxidizing  gases  (as  well  as  ozone)  renders 
the  starch  test  untrustworth}\  Houzeau  proposed  to  test  for 
ozone  by  exposing  litmus-paper  of  a neutral  tint  soaked  in  a 
dilute  solution  of  potassium  iodide  : the  alkali  set  free  by  the 
action  of  the  ozone  turns  the  paper  blue.  The  same  paper 
without  iodide  would  indicate  the  extent  to  which  the  effect 
might  be  due  to  ammonia.  Ozone,  or  rather,  ozonized  air,  is 
produced  artificially  in  large  (piantities  bypassing  air  through 
a box  (Beane’s  Ozone  generator)  in  which  it  is  exjiosed  to  the 
silent  electrical  discliarge.  In  the  latter  operation  condensa- 
tion of  the  volume  of  aii',  or  rathei-,  of  the  oxygen  in  the  air, 
occurs.  Ozone  is  also  produced  in  small  quantity  when  phos- 
phorus undei’gocs  slow  oxidation  in  moist  air,  some  hydrogen 
j)croxide  and  ammonium  nitrate  being  formed  at  the  same 
time.  Ozone  is  a powerful  bleaching,  disinfecting,  and  oxidiz- 
ing agent ; it  is  very  sparingly  soluble  in  water,  but  soluble  in 
oils  of  turpentine  and  cinnamon,  and  in  some  other  liquids. 
Its  odour  is  characteristic.  From  experiments  that  have  been 
made  by  Soret  on  the  S2)eciffc  gravity  of  ozone,  its  molecular 
formula  seems  to  be  O3,  that  of  ordinary  oxygen  being  O2. 

3.  To  a neutral  aqueous  solution  of  an  iodide  add  a 
solution  containing  one  jiart  of  cujoric  sul2)h<ate  and  two  and  a 
half  jiarts  of  ferrous  sul|)hate,  and  well  shake ; a dirt}^-white 
jweeipitate  of  cuj)rous  iodide,  Cul,  is  produced. 

2KI  + 2CUSO4  -f  2FcS().t  = 2CuI  + KoSO,j  + Fe2(S04)3 
Or  to  the  liquid  containing  an  iodide  add  solution  of  cupric 
sulj^hate  and  some  solution  of  sulphurous  acid,  and  warm  the 
mixture  ; cuprous  iodide  is  again  produced. 

2KI  + 2CUSO4  + H2SO3  + ll20  = 2CuI  -)-2KIISO.|-t-  IFSO^ 
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Scparcilion  of  Chlorides,  Bromides,  and  Iodides. — Clilorides 
and  bromides  are  not  ^precipitated  by  cupric  sidphate ; the 
above  reaction  is  useful,  therefore,  in  removing  iodine  from  a 
solution  in  which  chlorides  and  bromides  may  also  be  present. 
The  total  removal  of  iodine  by  the  former  of  the  two  modi- 
fications of  the  process  is  ensured  by  following  up  the  addition 
of  the  cupric  and  ferrous  sulphates  by  adding  a few  drops  of 
solution  of  potassium  or  sodium  hydroxide,  any  acid  which 
might  retain  cuprous  iodide  in  solution  being  thereby  neutra- 
lized ; ferric  or  ferrous  hydroxide,  precipitated  at  the  same 
time,  not  affecting  the  reaction.  Occasionall}^,  too,  it  may  be 
necessary  to  repeat  the  process  with  the  filtrate  before  the 
last  traces  of  iodine  are  removed.  The  second  modification 
of  the  process  is,  on  the  whole,  to  be  preferred. 

Hart’s  Test. — -(If  nitrates,  chlorates,  bromates,  or  iodates 
are  present,  it  is  necessary  to  fuse  the  substance  with  a little 
sodium  carbonate  and  charcoal  to  reduce  them.  If  the 
chlorine,  bromine,  and  iodine,  are  united  with  silver,  it  is 
best  to  fuse  with  sodium  carbonate  and  extract  with  water, 
although  with  iodine  and  bromine  this  is  not  absolutely 
necessary.)  The  substance  is  placed  in  the  flask  shown  in 
the  figure  given  in  the  section  on  the  quantitative  analysis  of 
manganese  oxide  {see  Index),  with  some  water  and  a few 
drops  of  solution  of  ferric  sulphate.  Into  the  bulbs  a few 
drops  of  dilute  starch  mucilage  are  poured.  The  bulbs  are 
kept  cold  by  immersing  in  water  in  a beaker.  The  contents 
of  the  flask  are  then  boiled,  and  if  iodine  is  present  the 
I starch  is  coloured  blue.  This  test  is  extremely  delicate.  If 
j iodine  is  found,  the  cork  and  the  bulb  tube  are  removed,  and 
the  solution  boiled  until,  on  testing  again  in  the  same  way,  no 
more  iodine  is  found.  If  much  iodine  is  present,  it  is  neces- 
sary to  add  more  ferric  sulphate  solution.  The  bulb  tube  is 
now  cleaned,  charged  with  a few  droj)s  of  water  and  a drop 
01  two  of  chloroform,  and  a very  small  crystal  of  potassium 
permanganate  is  added  to  the  solution  in  the  flask.  The 
contents  of  the  flask  are  boiled  again,  and  if  bromine  is 
I present  the  chloroform  becomes  red.  The  tube  is  now  re- 
moved, and  more  potassium  permanganate  and  ferric  sulphate 
1 added  little  by  little,  the  mixture  being  boiled  between  each 
addition  until  the  bromine  has  all  been  driven  off.  A few 
diops  of  alcohol  are  added  to  the  contents  of  the  flask  to 
decolorize  any  excess  of  jiermanganate,  and,  after  filtration, 
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chlorine  is  tested  for  in  the  filtrate  by  means  of  silver 
nitrate. 


Deieclion  of  Chloride  in  presence  of  Bromide  or  Iodide  or 
both. — To  a small  quantity  of  the  mixed  solution  add  excess 
of  silver  nitrate  in  presence  of  nitric  acid,  and  wash 
the  precipitate  once  or  twice  with  water  by  decantation. 
'J'hcn  iiour  upon  the  precipitate  1 c.c.  of  a very  dilute 
solution  of  potassium  iodide  (1  part  in  1000  of  water),  add  a 
few  drops  of  dilute  nitric  acid,  allow  to  stand  in  the  cold  for 
an  hour  with  occasional  shaking,  and  filter.  Divide  the  fil- 
trate into  two  parts,  and  add  silver  nitrate  to  one  part  and 
a drop  of  diluted  chlorine  water  to  the  other.  If  the  silver 
nitrate  produces  a white  precipitate*  and  the  chlorine  does 
not  liberate  either  bromine  or  iodine,  then  the  original  pre- 
cipitate contained  silver  chloride. 

The  action  of  the  potassium  iodide  on  the  silver  chloride 
is  represented  by  the  equation  : — AgCl-(-  KI  = Agl  -t-  KCl.  If 
there  is  enough  .silver  chloride  present  in  the  original  pre- 
cipitate, all  the  added  potassium  iodide  is  converted  into 
potassium  chloride  and  it  is  the  latter  which  gives  the  white 
precij)itatc  on  the  addition  of  silver  nitrate.  If  the  chlorine 
water  liberates  bromine  or  iodine,  this  shows  (when  not  more 
than  1 c.c.  of  the  1 in  1000  potassium  iodide  has  been  used) 
that  distinctly  less  than  1 milligramme  of  silver  chloride,  and 
prohahli/  none  at  all,  was  present. 

Chlorides  may  also  be  detected  in  presence  of  bromides 
and  iodides  by  taking  advantage  of  the  formation  of  chloro- 
chromic  anhydride  (p.  185)  and  the  non-occurrence  of  cor- 
responding compounds  of  bromine  or  iodine,  as  follows: — 

To  a solution  of  a mixture  of  an  iodide  with  a bromide  and 
a chloride  add  a concentrated  solution  of  sodium  sulphite, 
then  a reagent  prepared  by  mixing  equal  volumes  of  sul- 
phuric acid  and  saturated  solution  of  cupric  sulj)hate,  until 
no  further  jirecijiitation  of  cuprous  iodide  occurs.  Next  add 

* Silver  nitrate  produces  a precipitate  in  any  case,  wliich  may  con- 
si.st  of  silver  chloride,  bromide,  or  iodide  and  may,  therefore,  be  pure 
wliite,  yellowish,  or  yellow. 
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solution  of  sodium  hydroxide  to  remove  the  excess  of  copper, 
filter,  and  evaporate  to  dryness.  Transfer  the  dried  resi- 
due, together  with  an  equal  bulk  of  potassium  bichromate,  to 
a dry  test-tube  fitted  with  a delivery-tube,  or  to  a small 
retort,  and  cover  the  mixture  with  sulphuric  acid.  Distil  into 
water.  Chromic  anhydride  and  hydrochloric  and  hydro- 
bromic  acids  are  liberated  by  the  sulphuric  acid,  and  inter- 
acting with  one  another,  form  chlorochromic  anhydride, 
together  with  free  bromine  and  chlorine. 

O 

CrOg  + 2HC1  = CrO,Cl„  + H.,0 
2Cr03  + 6HBr  + SH^SO^  = Cr,(SOJg  + 3Br„  + 6H.,0 
2Cr03  + 6HC1  + SH^SO^  = CrJsO  Jg  4-  3C1  “+  eH^O 

The  chlorochromic  anhydride  is  decomposed  by  the  excess 
of  water  into  which  it  distils,  giving  rise  to  anhydrochromic 
acid,  which  imparts  its  orange  colour  to  the  liquid,  and 
hydrochloric  acid,  thus  : 2Cr02Cl., -f  3H,,0  = H^CrgO^ -I- 4HC1. 
The  chlorine  which  is  produced  in  the  reaction  escapes, 
and  the  bromine  is  dissolved  by  the  water.  The  coloured 
liquid  is  then  shaken  with  chloroform,  which  removes  the 
bromine,  indicating  bromides  in  the  original  substance  ; a 
yellow  or  orange  colour  remaining  is  due  to  anhydrochromic 
acid,  indicating  chlorides  in  the  original  substance.  Or 
ammonia  may  be  added  to  the  distillate ; the  colour  due  to 
bromine  is  thereby  entirely  removed,  while  the  yellow  colour 
of  ammonium  chromate  remains. 

Instead  of  eliminating  the  iodine  as  cuprous  iodide,  it  may 
be  expelled  in  vapour  (obvious  enough  by  its  colour  and 
odour)  by  fusing  the  dry  mixture  of  the  salts  with  excess  of 
powdered  potassium  bichromate.  The  residue,  broken  into 
small  fragments,  may  then  be  distilled  with  sulphuric  acid  for 
the  detection  of  the  bromine  and  chlorine. 

5K,Cr,07  + 6KI  = SK^CrO,  + Cr,Og  + 3I„ 

i 4.  Iodides  have  been  shown  to  be  useful  in  testing  for 
i mercuric  salts  (.vce  the  Mercurj'  reactions,  p.  244)  ; a mercuric 
salt  (corrosive  sublimate,  for  examj)lc)  may  therefore  be  used 
in  testing  for  iodides,  a scarlet  j)reeij)itate  of  nuu'curic  iodide, 
Hgl.,,  being  produced. 


I his  reaction  may  be  eni])loyed  where  comparatively  large 
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quantities  of  an  iodide  are  present ; but  its  usefulness  in 
analysis  is  limited  by  the  fact  that  the  precipitate  is  soluble 
in  excess  of  the  dissolved  iodide,  or  in  excess  of  the  mercuric 
solution.  'I'he  colour  of  the  precipitate  and  its  insolubility 
in  water  distinguisli  it  from  mercuric  chloride,  bromide,  and 
cyanide,  which  are  white  soluble  salts. 

5.  Iodides  liavc  also  been  shown  to  be  useful  in  testing  for 
lead  salts  (.vee  the  Lead  reactions,  p.  252)  ; similarly  a lead  salt 
(acetate,  for  example)  may  be  used  in  testing  for  iodides  in 
solutions  wliicli  are  eitlier  neutral  or  faintly  acid  with  acetic 
acid,  a yellow  precipitate  of  lead  iodide,  Pbl.„  soluble  in  hot 
water  and  crystallizing  in  yellow  scales  on  cooling,  being 
produced. 

I.cad  chloride,  bromide,  and  cyanide  are  white  ; hence  the 
above  reaction  may  occasionally  be  useful  in  distinguishing 
iodides  from  chlorides,  bromides,  or  cyanides.  But  lead  iodide 
is  slightly  soluble  in  cold  water  ; hence  small  quantities  of 
iodides  cannot  be  detected  by  means  of  this  reaction.  (For 
lodates,  xee  p.  317.) 

Analogies  helween  Chlorine,  Urominc,  Iodine  and  Iheir  Com- 
pounds.— These  elements  form  a natural  group  or  famil^^,  the 
members  of  which  are  closely  related  and  exhibit  a distinct 
gradation  in  ])hysical  properties.  Thus  chlorine  is  a gas  and 
iodine  a .solid,  while  bromine  occupies  the  intermediate  liquid 
condition.  The  atomic  weight  of  bromine  is  nearly  midway 
between  those  of  chlorine  and  iodine.  The  specific  gravity  of 
li(]uid  chlorine  is  1-33,  of  iodine  4'95,  while  that  of  bromine  is 
nearly  3.  Liejuid  chlorine  is  tran.sparent,  iodine  oj)a(jue, 
bromine  intermediate.  The  ci’ystalline  forms  of  the  chloride, 
bromide,  and  iodide  of  the  same  metal  are  commonly  identical. 
One  volume  of  either  element  in  the  gaseous  state  combines 
with  an  equal  volume  of  hydrogen  (at  the  same  tenqierature 
and  pressure)  to  form  two  volumes  of  a gaseous  acid,  very 
soluble  in  water  (hydrochloric  acid,  hydrobromic  acid,  hydri- 
odic  acid).  By  their  union  with  metals,  chlorine,  bromine, 
and  iodine  form  salts,  of  which  sodium  chloride,  bromide,  and 
iodide  may  be  taken  as  types.  On  this  account  they  have 
been  called  the  halogens  (i.e.  salt  producers),  and  the  sails  are 
called  haloid  sails  (from  aAs',  hals,  sea-salt,  and  e?3os,  eidos,  like- 
ness). _ 
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questi6ns  and  exercises 

State  the  method  by  which  bromine  is  obtained  from  its  natural 
compounds. — Mention  the  properties  of  bromine. — How  may  potas- 
sium and  ammonium  bromides  be  made  ? — By  what  reagents  may 
bromides  be  distinguished  from  chlorides  r — Whence  is  iodine  obtained  'i 
— By  what  process  is  iodine  isolated  ? — State  the  properties  of  iodine. 
—What  is  the  nature  of  sulphur  iodide  ? — Give  the  analytical  reactions 
of  iodides. — What  three  substances  may,  indirectly,  be  detected  by  a 
mixture  of  potassium  iodide  and  starch  mucilage?  — Describe  two 
methods  by  which  iodides  may  be  removed  from  a solution  containing 
chlorides  and  bromides. 


HYDROCYANIC  ACID,  HCN,  and  other  Cyanides 

The  acid  radical  of  hydrocyanic  acid  and  other  cyanides 
is  a compound  group,  the  cyanogen  radical,  CN  (or  shortly, 
Cy).  It  is  so  named  from  Kuavo?,  kuanos,  blue,  and  yevrdw, 
gennao,  I generate,  in  allusion  to  its  prominent  chemical  char- 
acter of  forming,  with  certain  iron  compounds,  the  different 
varieties  of  Prussian  blue.  It  was  from  Prussian  blue  that 
Scheele,  in  1782,  first  obtained  what  we  now,  from  our  know- 
ledge of  its  composition,  call  hydrocyanic  acid,  HCN  or  HCy, 
also  called  prussic  acid.  Cyanogen,  C^N\„  was  isolated  by 
Cay-Lussac  in  1814,  and  was  the  first  compound  radical 
distinctly  proved  to  exist. 

Sources,  etc. — Certain  compounds  containing  the  cyanogen 
radical  occur  in  nature,  and  others  can  easily  be  prepared. 
Ammonium  cj'anide  is  lound  in  small  (juantities  among  the 
gases  of  iron  furnace.s,  and  is  produced  to  a slight  extent  in 
distilling  coal  for  gas.  In  the  preparation  t)f  potassium  ferro- 
cyanide  the  cyanogen  radical  is  formed  abundantly  by  heat- 
ing animal  refuse  containing  nitrogen,  such  as  the  scrajungs 
of  horns,  hoofs,  and  hides  (5  parts),  with  crude  potassium 
carbonate  (2  parts)  and  waste  iron  (filings,  etc.)  in  a covered 
non  j)ot.  1 he  residual  inas.s,  which  contains  potassium 
cyanide,  but  no  ferrocyanide,  is  boiled  with  water,  the  mixture 
filtered,  and  the  filtrate  evaporated  and  set  aside  for  crystals 
of  ferrocyanide  to  form.  The  cyanogen,  j)roduced  from  the 
carbon  and  nitrogen  of  the  animal  matter,  unites  with  the 
potassium  to  form  {lotassium  cyanide  and  this  afterwards,  on 
boiling  with  water,  interacts  with  iron  sulphides  (produced 
by  the  interaction  of  the  iron  with  sulphur  occurring  in  the 
nitrogenous  organic  rnatlers,  and  as  sulphate  in  the  crude  potas- 
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sium  carbonate)  to  form  what  is  often  'termed  yellow  prussiate 
of  potash,  Potassium  Ferrocyanide,  B.P.,  K J^'eC^Nj.,3H20,  a 
comjmund  occurring  in  four-sided  tabular  yellow  ciystals. 
This  salt  contains  the  elements  of  cyanogen  ; yet  is  not  a 
cyanide,  hut  a ferrocyanide.  It  is  not  poisonous,  and  is 
otherwise  different  from  cyanides ; it  will  he  further  noticed 
subsequently.  I'rom  this  salt  all  cyanides  are  directly  or 
indirectly  prepared. 

Pola.sxiim  cyanulc,  KCN  or  KCj',  the  commonest  cyanide, 
may  he  obtained  by  heating  potassium  ferrocyanide  to  red- 
ness until  gas  (chiefly  nitrogen)  is  no  longer  evolved  and 
iron  carbide  settles  to  the  bottom  of  the  molten  mass  of 
almo.st  ])urc  cyanide.  The  product,  carefully  poured  off  and 
cooled,  is  aiv  opacjuc  crystalline  mass  containing  about  95  j)er 
cent,  of  j)otassium  cyanide.  It  may  also  be  produced  by 
fusing  eight  j)arts  of  potassium  ferrocyanide  with  three  of 
potassium  carbonate  in  a crucible ; carbonic  anhydride  is 
evolved,  iron  is  set  free,  and  j)otassium  cyanatc,  KCNO  (sec 
p.  370),  is  formed,  as  well  as  potassium  cyanide  : — 

K J'eC„N,.  + K2CO3  = 5KCN  + KCNO  -i-  Fe  -f  CO, 

Mercuric  ci/anide  is  j)roduced  in  crystals  by  dissolving  1 
j)art  of  potassium  ferrocyanide  in  15  parts  of  boiling  water, 
adding  2 parts  of  mercuric  sulphate,  keeping  the  whole  hot 
for  ten  to  fifteen  minutes,  and  then  filtering  and  setting  aside 
to  cool.  Besides  mercuric  cyanide,  Hg(CN).,,  ferric  sulphate 
and  potassium  sulphate  are  formed,  and  mercury  is  set  free. 
Any  excess  of  ferrocyanide  gives  Prussian  blue  by  interaction 
with  the  ferric  suljdiate. 

Mercuric  cyanide  is  exceptional  in  some  of  its  analytical 
reactions,  both  as  a mercuric  salt  and  as  a cyanide.  Thus  its 
solution  does  not  give  any  precipitate  with  potassium  iodide 
(.vce  reaction  1 of  Mercuric  Salts,  ]).  244)  unless  a drop  of 
hjalrochloric  acid  has  previously  been  added ; neither  does 
it  yield  the  usual  yellow  and  white  j)reci2>itates  with  caustic 
potash  and  with  ammonia  resjjectivciy.  Similarlj'^  it  does 
not  give  the  silver  nitrate  reaction  for  cyanides  (.sw  reaction 
1,  p.  302). 

Cyanogen,  C^N,,  may  be  isolated  by  heating  mercuric 
cyanide,  Hg(CN).2,  or  silver  cyanide,  AgCN.  A small  Hame 
of  cyanogen  may  be  obtained  by  heating  a few  ciystals  of 
mercuric  cyanide  in  a short  jiiece  of  glass  tubing  closed  at 
one  end,  and  applying  a light  to  the  other  end  as  .soon  as 
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evolution  of  gas  commences:  brown  paraciianogeti,  (CN),„  and 
mercury  are  also  produced.  In  the  case  of  silver  cyanide 
metallic  silver  remains.  Cyanogen  is  a colourless  gas  which 
burns  with  a beautiful  peach-blossom  coloured  flame. 


Diluted  Hydrocyanic  Acid 


Expeiimenl. — Dissolve  2 or  3 grains  of  potassium  ferro- 
cyanide  in  5 or  6 times  its  weight  of  water  in  a test-tube,  add 
a few  drops  of  sulphuric  acid  and  boil  the  mixture,  conveying 
the  evolved  gas  through  a bent  glass  tube  (adapted  to  the  test- 
tube  by  means  of  a cork)  into  another  test-tube  containing  a 
little  water ; the  product  is  a dilute  solution  of  hydrocyanic 
acid.  Made  by  this  process  in  larger  quantities  and  of  a 
certain  definite  strength,  this  solution  is  the  Acidum  Hydro- 
cyanicum  Dilutum,  B.P.  It  is  a eolourless  liquid  with  a char- 
acteristic odour  and  is  exceedingly  poisonous.  Sp.  gr.  0'997. 
It  contains  2 per  cent,  by  weight  of  hydrogen  cyanide,  HCN. 


2K,FeCoN,.  + 6H,SO,  = FeK^FeC.N^  -f  6KHSO,  + 6 HCN 

To  prepare  a larger  quantity  proceed  as  follows,  carrying 
out  the  operation  in  a well  ventilated  fume-cupboard  : — Dis- 
solve 2|  ounces  of  potassium  ferrocyanide  in  10  ounces  of 
water,  add  one  fluid  ounce  of  sulphuric  acid  previously  diluted 
with  4 ounces  of  water  and  cooled.  Put  the  solution  into  a 
flask  or  other  suitable  apparatus  of  glass  or  earthenware,  to 
j which  are  attached  a condenser  and  a receiver  arranged  for 
! distillation  (.vce  p.  138);  and  having  jmt  8 ounces  of  distilled 
! water  into  the  receiver,  and  provided  efficient  means  for  keep- 
ing the  condenser  and  receiver  cold,  ai)ply  heat  to  the  flask, 
until  by  slow  distillation  the  liquid  in  the  receiver  is  increased 
to  17  fluid  ounces.*  Add  to  tliis  3 ounces  of  distilled  water, 
or  as  much  as  may  be  sufficient  to  bring  the  acid  to  the  required 
concentration.  The  end  of  the  condenser,  or  an  attached 
tube,  should  pass  cjuite  into  the  receiver. 

The  residue  from  this  reaction  is  acid  potassium  sulphate. 


This  operation  is  peculiarly  liable  to  those  sudden  and  tumultuous 
evolutions  of  vapour,  or  “ bumpings,”  which  often  interfere  with  suc- 
cessmi  Uistillation.  Such  bumping  may  usually  be  prevented  and 
quiet  ebullition  ensured  by  placing  in  the  liquid,  before  beginning  to 
heat  It,  a few  small  fragments  of  unglazed  earthenware,  such  as  tobacco- 
pipe  stem. 
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KHSO.j,  which  remains  in  solution,  and  potassium  ferrous 
lerrocyanide,  FeK^FeCgN^,  an  insoluble  pow'der  sometimes 
termed  Everitt’s  salt,  from  the  name  of  the  chemist  who  first 
made  out  the  nature  of  the  interaction.  The  latter  compound 
becomes  bluish  green  during  the  operation,  owing  to  absorp- 
tion of  oxygen. 

Pure  anhydrous  hydrocyanic  acid  is  a colourless,  highly 
volatile,  intensely  poisonous  liquid,  solidifying  when  cooled 
to  a low  temperature.  It  may  be  made  by  passing  hj^drogen 
suljdiide  over  mercuric  cyanide.  The  official  solution  of  the 
acid  is  moderately  stable,  but  is  said  to  be  rendered  more  so 
l)y  the  presence  of  a minute  trace  of  sulphuric  or  hydrochloric 
acid.  \ more  concentrated  acid  is  liable  to  take  up  the  ele- 
ments of  water  and  yield  ammonium  formate,  NH^CHO,. 
Solutions  of  hydrocyanic  acid  often  become  brown  by  forma- 
tion of  what  is,  apparently,  paracyanogen,  (CN)„.  According 
to  William.s,  aqueous  hydrocyanic  acid  containing  20  per  cent, 
of  glycerin  can  l)e  kept  for  an  almost  indefinite  length  of 
time.  The  official  acid  should  be  preserved  in  well-stoppered 
bottles  tied  over  with  impervious  tissue  and  kej)t  inverted, 
when  not  in  use,  in  a cool  dark  place.  Unless  such  precau- 
tions are  adopted,  tlie  solution  rapidly  becomes  less  concen- 
trated by  escape  of  gaseous  hydrocyanic  acid. 

Hydrocyanic  acid  also  occurs  in  cherry-laurel  water  and 
bitter-almond  watei*.*  Aqua  Laurocerasi,  B.P.,  is  made  to 
contain  OT  per  cent,  of  hydrocyanic  acid,  HCN. 

'file  methods  of  determining  the  concentration  of  hydro- 
cyanic acid  solutions  will  be  given  in  the  chapter  on  volu- 
metric and  gravimetric  quantitative  analysis.  The  volumetric 
method  is  based  on  the  formation  of  silver  cyanide  and  its 
solubility  in  solution  of  alkali-metal  cyanides,  as  described 
in  reaction  1,  below.  The  hydrocyanic  acid  used  in  phar- 
macy is  extremely  liable  to  variation  in  strength.  It  should 
frequently  be  tested  volumetrically. 

Analytical  Reactions  of  Cyanides. 

1.  To  a few  drops  of  the  hydrocyanic  acid  solution  pro- 
duced in  the  foregoing  experiment,  or  to  a solution  of  an}' 
cyanide  (except  mercuric  cyanide),  add  excess  of  solution  of 

* Traces  are  formed  when  an  electric  current  passes  between  carbon 
poles  in  slightly  moist  .air  (Dewar) ; also  during  tlie  action  of  nitric  or 
nitrous  .acid  on  sugar,  caramel,  or  finely  divided  charccni. 
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silver  nitrate  ; a white  precipitate  of  silver  cyanide,  AgCN,  is 
produced.  When  the  precipitate  has  subsided,  pour  away 
the  supernatant  liquid  and  place  half  of  the  residue  in  another 
test-tube  : to  one  portion  add  nitric  acid,  and  notice  that  the 
pi'ecipitate  does  not  dissolve  ; to  the  other  add  ammonia,  and 
observe  that  the  precipitate,  though  soluble,  dissolves  some- 
what slowly.  (Silver  chloride,  which  is  also  white,  is  readily 
soluble  in  ammonia.)  Silver  cyanide  dissolves  in  solutions  of 
cyanides  of  alkali  - metals,  soluble  double  cyanides  being 
formed  (e.g.,  KCN,AgCN,  or  KAg(CN)^).  Silver  cyanide 
also  dissolves  in  hot  concentrated  nitric  acid. 

Solubility  of  precipitates  in  concentrated  solutions  of  salts. — 
Silver  cyanide  and  many  other  precipitates  insoluble  in  acids 
(or  in  alkalies)  are  often  soluble  in  the  saline  liquids  formed 
by  the  addition  of  acids  and  alkalies  to  each  other.  Hence 
the  precaution  of  adding  the  latter  reagents  to  separate 
portions  of  a precipitate  when  examining  its  solubility,  or  of 
not  adding  the  one  until  the  other  has  been  poured  away. 

Hydrocyanic  acid  and  other  cyanides  may  be  detected 
in  the  presence  of  potassium  ferrocyanide  by  distilling 
with  a large  excess  of  sodium  bicarbonate  and  testing  the 
distillate  for  hydrocyanic  acid.  In  the  case  of  mercuric 
cyanide  it  is  necessary  to  add  a little  hydrogen  sulphide. 

2.  To  a dilute  solution  of  hydrocyanic  acid,  or  of  a soluble 
cyanide  (except  mercuric  cyanide),  add  a few  drops  each  of 
solutions  of  a ferrous  and  of  a ferric  salt  (ferrous  sulphate  and 
ferric  chloride) ; to  the  mixture  add  caustic  potash  or  soda, 
I magnesia,  or  sodium  carbonate,  and  then  excess  of  hydro- 
I chloric  acid  ; a precipitate  of  Prussian  blue  remains.  The 
I decompositions  may  be  traced  in  the  following  equations : — 

HCN  + KOH  = KCN  -i-  H,0 

2KCN  + FeSO.,  = FeC„N.,  -f  K.SO, 

4KCN  + FeC.,N.,  = K,FeC,:N,  " 
3K,FeCgN,;-t-  ‘IFeClg  = 12KCl’  ’-i-  Fe,(FeC^N„)3 

I he  test  depends  on  the  conversion  of  the  cyanogen 
radical  of  the  cyanide  into  ferrocyanogen  by  aid  of  the  iron 
of  a ferrous  salt^  and  the  combination  of  the  ferrocyanogen. 
so  produced,  with  the  iron  of  a ferric  salt. 
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3.  To  Ji  solution  of  hydrocyanic  acid  add  ammonia  and 
yellow  ammonium  hydrosulphide,  and  evaporate  the  liquid 
nearly  or  quite  to  dryness  in  a small  dish,  occasionally  adding 
ammonia  till  the  excess  of  ammonium  hydrosulphide  is  decom- 
posed ; add  water  and  acidulate  the  liquid  with  hydrochloric 
acid,  and  then  add  a drop  of  solution  of  a ferric  salt ; a blood- 
red  solution  of  ferric  thiocyanate  will  be  formed. 

3'his  is  a very  delicate  reaction.  Some  free  sulphur  in  the 
yellow  ammonium  hydrosulphide  unites  with  the  alkali-metal 
cyanide  and  forms  thiocyanate  (NH^CN -f  S = NH^SCN).  If 
the  licpiid  has  not  been  evaj)orated  far  enough,  ammonium 
hydrosulj)hide  may  still  be  present,  and  give  black  ferrous  sul- 
phide on  the  addition  of  the  ferric  salt,  hence  the  acidulation 
prior  to  the  addition  of  the  ferric  salt. 

Ilijdruci/aiiic  acid  in  the  blood. — According  to  Buchner,  the 
blood  of  animals  poisoned  by  hydrocyanic  acid,  instead  of 
coagulating  as  usual,  remains  liquid  and  of  a clear  cheriy- 
red  colour  for  several  days.  In  one  case  he  obtained  the 
reactions  of  the  acid  on  diluting  and  distilling  the  blood 
fifteen  days  after  death,  and  applying  the  usual  reagents 
to  the  distillate.  Acjueous  solution  of  hydrogen  peroxide 
changes  such  blood  to  a deep-brown  colour. 

Schiinbein’.'i  lest  for  hydrocyanic  acid  is  said  to  be  extremely 
delicate.  l'’ilter-paj)er  is  soaked  in  a solution  of  3 parts  of 
guaiacum  resin  in  100  of  alcohol.  A strip  of  this  paper  is 
dipped  in  a solution  of  1 part  of  cuj)ric  suliihate  in  50  of 
water  ; a little  of  the  suspected  solution  is  placed  on  this  pajier 
and  exposed  to  the  air ; the  paper  immediately  turns  blue  if 
hydrocyanic  acid  be  present.  Or  the  paper  may  be  placed 
over  the  mouth  of  an  open  bottle  of  medicine  supposed  to 
contain  hydrocyanic  acid,  or  may  be  otherwise  exj)osed  to  the 
vapour  of  a suspected  liquid. 

Antidote 

A mixture  of  ferrous  sulphate,  solution  of  ferric  chloride, 
and  either  magnesia  or  sodium  carbonate  is  the  recognised 
antidote  in  cases  of  poisoning  by  hydrocyanic  acid  or  potassium 
cyanide.  In  such  an  alkaline  mixture  the  poisonous  cyanide, 
by  interaction  with  ferrous  hydroxide,  is  at  once  converted 
into  innocuous  potassium  or  other  ferrocyanide  : should  the 
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1 mixture  become  acid,  the  ferric  salt  present  interacts  with 
! the  soluble  ferrocyanide,  forming  insoluble  Prussian  blue 
which  is  also  inert.  From  the  rapidity  of  the  action  of  these 
poisons,  however,  there  is  seldom  time  to  })repare  an  antidote. 
Emetics,  the  stomach-pump,  or  stomach-siphon,  the  apjdica- 
tion  of  a stream  of  cold  water  to  the  spine,  and  the  above 
Iwantidote,  form  the  usual  treatment. 


QUESTIONS  AND  EXERCISES 

Write  a paragraph  on  the  discovery  of  hydrocyanic  acid  and  of 
p cyanogen. — Mention  the  source  of  the  cyanogen  of  cyanides. — How  is 
1 potassium  ferrocyanide  prepared  ? — What  is  the  formula  of  potassium 
I ferrocyanide  ? — Is  potassium  ferrocyanide  poisonous? — Write  an  equa- 
Ition  expressive  of  the  reaction  which  ensues  when  potassium  ferro- 
I cyanide  and  carbonate  are  brought  together  at  a high  temperature. — 

' What  are  the  properties  of  cyanogen  ? How  may  it  be  obtained  in  a 
qpure  condition?^ — How  is  mercuric  cyanide  prepared?  What  other 
I substances  and  secondary  products  are  formed  at  the  same  time? — 

■ How  much  hydrocyanic  acid  is  contained  in  the  official  Aciilum 
■F.  Ilydrori/anicum  Dilulum  ? — Give  details  of  the  preparation  of  hydro- 
s cyanic  acid,  and  an  equation  representing  the  reaction. — State  the 

■ proportion  of  water  that  must  be  added  to  an  aqueous  solution  con- 
Itaining  1.5  per  cent,  of  hydrocyanic  acid  to  reduce  the  strength  to  2 
U per  cent  Am.,  6^  to  1. — What  are  the  characters  of  pure  undiluted 
B hydrocyanic  acid?  How  may  it  be  obtained? — Enumerate  the  tests 

I for  cyanides,  giving  equations. — Explain  the  action  of  the  best  anti- 
idote  in  ca.ses  of  poisoning  by  hydrocyanic  acid  or  potassium  cyanide. 
iShow  how  it  acts  in  alkaline  and  acid  solutions  respectively. 


NITRIC  ACID,  HNO;,,,  and  other  Nitrates 

Sources. — Nitrogen  peroxide,  is  formed  to  some  extent 

I in  the  atmosphere  by  the  combination  of  nitrogen  and  oxygen 
under  the  influence  of  the  powerful  electrical  discharges 
during  thunderstorms.  This  oxide  undergoes  furtlier  oxi- 
dation in  presence  ot  water ; and  with  ammonia,  which  is 
always  a constituent  of  the  atmosphere,  it  forms  ammonium 
nitrate.  1 he  nitrates  found  in  rain  no  doubt  originate  partly 
or  wholly  in  this  manner.  The  oxidation  of  ammonia  and  of 
the  nitrogenous  constituents  of  animal  and  vegetable  matters 
I in  the  soil,  favoured  by  darkness,  by  the  presence  of  calcium 
I carbonate,  and  especially  by  the  presence  of  the  nitrifying 
• oiganisms,  results  in  the  production  of  nitrates.  Hence 
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nitrates  are  commonly  met  with  in  natural  waters,  and  in 
soils  and  tlie  juices  of  plants.  In  the  concentrated  j)lant 
juices,  termed  medicinal  “P^xtracts,”  small  prismatic  crystals 
of  potassium  nitrate  may  occasionally  be  observed.  (The 
cubical  ci-ystals  often  met  with  in  extracts  are  potassium 
chloride.)  Nitric  acid  and  other  nitrates  are  prepared  from 
jiotassium  and  sodium  nitrates,  which,  in  turn  are  obtained 
from  tlic  surface  layers  of  the  soil  of  tropical  countries. 
Pola.sxiiim  nitrale  (or  prismnlic  vilrc,  from  the  form  of  its 
crystals),  is  ])roduced  in  and  about  the  villages  of  India.  The 
natives  simply  scrape  the  surface  of  waste  grounds,  mud- 
heajxs,  banks,  and  other  spots  Avhere  a slight  incrustation 
indicates  the  presence  of  appreciable  quantities  of  nitre,  mix 
the  scrapings  with  wood-ashes,  containing  potassium  car- 
bonate (to  decomj)ose  tbe  calcium  nitrate  always  present), 
digest  the  mixture  in  water,  and  evajjorate  the  liquor.  The 
immediate  jwoduct  is  purified  by  careful  recrystallizations, 
and  is  sent  into  commerce  in  the  form  of  white  crystalline 
masses  or  fragments  of  striated  six-sided  jirisms  (^Potcumi 
XUras,  B.P.).  Besides  its  use  in  medicine,  it  is  emjdoyed  in 
very  large  (juantities  in  the  manufacture  of  gunpowder. 
Chari  a Polassii  KUraiis,  U.S.P.,  is  pre.])ared  by  soaking  white 
filter-])aj)er  in  a 20  ])er  cent,  solution  of  nitre,  and  drying. 
Potassium  nitrate  is  also  largely  prepared  by  the  interaction 
of  ])otassium  chloride  and  sodimn  nitrate.  Sodium  nilrate 
occurs  in  dejKjsits  from  3 inches  to  3 yards  in  thickness  on 
and  near  the  surface,  and  at  any  depth  down  to  about  30 
feet,  in  many  parts  of  Peru,  Bolivia,  and  Chili,  but  more 
es})ecially  in  the  district  of  Atacama.  The  mineral  is  termed 
caliche,  and  commonly  contains  50  j)er  cent,  of  sodium  nitrate. 
The  latter  is  distinguished  as  Chili  sallpclrc  or  Chili  nitre,  or 
(from  the  form  of  its  crystals  — obtuse  rhombohedra,  not 
cubes)  cid)ic  nitre,  and  is  chiefly  used  as  a fertilizer  and  as  a 
source  of  nitric  acid,  its  tendency  to  absorb  moisture  unfitting 
it  for  use  in  gunpowder.  In  some  parts  of  Kurope  ])otassium 
nitrate  is  made  artificially  by  exposing  heaps  of  animal 
manure,  refuse,  ashes,  and  soil  to  the  action  of  the  air  and 
the  heat  of  the  sun  ; in  the  course  of  a year  or  two  the 
nitrogen  of  the  animal  matter  becomes  oxidized  to  nitrates  ; 
the  latter  are  removed  by  Avasbing.  According  to  Waring- 
ton,  the  nitrifying  ferment  appears  cajiable  of  existing  in 
three  conditions:  (1)  The  nitric  ferment  of  soil,  Avhich  con- 
verts both  ammonium  .salts  and  nitrites  into  nitrates;  (2) 
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tlie  altered  ferment,  which  converts  ammonium  salts  into 
nitrites,  but  fails  to  change  nitrites  into  nitrates  ; and  (3) 
the  surface  organism  (a  bacterium),  which  changes  nitrites 
into  nitrates.  Similar  nitrification  goes  on  in  well  and 
river  waters  containing  nitrogenous  organic  contamina- 
tions such  as  sewage,  which  thereby  tend  to  become  less 
noxious. 

Note. — The  word  nitric  is  from  nitre,  the  English  equiva- 
lent of  the  Greek  virpov  {iiitroii),  a name  applied  to  certain 
natural  deposits  of  natron  (sodium  carbonate)  for  which 
potassium  nitrate  seems  at  first  to  have  been  mistaken. 
Saltpetre  is  simply  sal  petra;,  salt  of  the  rock,  in  allusion  to 
the  natural  origin  of  potassium  nitrate.  Sal  prunella  (from 
sal,  a salt,  and  priina,  a live  coal)  is  potassium  nitrate  melted 
over  a fire  and  cast  into  cakes  or  bullets. 

The  nitric  radical  is  univalent  (NOg'). 


Nitric  Acid 


E.rperiment.  — To  a fragment  of  2)otassium  or  sodium 
nitrate  in  a test-tube  add  a drop  or  two  of  sulphuric  acid, 
and  warm;  vapour  of  nitric  acid,  HNOg,  is  evolved.  The 
fumes  may  be  condensed  by  passing  them  through  a bent 
delivery-tube  into  a second  test-tube  which  is  kept  cold. 
The  delivery-tube  should  not  be  fitted  to  the  first  test-tube 
by  means  of  a cork  as  in  the  preparation  of  hydrochloric 
acid — because  the  nitric  acid  vapours  would  strongly  act 
on  it — but  by  means  of  j)laster  of  Paris,  a paste  of  which 
sets  hard  on  being  put  aside  for  a short  time,  and  is  unaffeeted 
by  the  acid. 


On  a somewhat  larger  scale,  nitric  acid  may  be  prepared 
by  heating,  in  a stoppered  retort,  a mixture  of  ecjual  weights 
of  potassium  nitrate  and  sulphuric  acid  ; nitric  acid  distils 
over,  and  acid  potassium  sulphate  remains ; 


KNOg  + 

PotaHHium 

nitrate 


HgSO, 

Sulphuric 

acid 


HNO^  + KHSO., 

Acid  potassium 
sulpliate 


The  acid  potas,sium  sulphate  is  readily  converted  into 
neutral  sulphate  {PoUmii  Sulphas,  B.P.)  by  dissolving  in 
wa  er,  adding  potassium  carbonate  until  effervescence  ceases, 
: hltenng,  and  setting  aside  to  crystallize. 
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Sodium  nitrate,  on  account  of  its  cheapness,  is  the 
nitrate  from  whicli  manui’acturers  now  usually  }>repare 
nitric  acid. 

Pure  nitric  acid,  HNOg,  is  a colourless  liquid  of  specific 
/•ravity  P52.  'I'he  most  concentrated  acid  met  with  in 
commerce  has  a .specific  gravity  of  1‘5  and  contains  93  per 
cent,  of  real  nitric  acid  ; it  fumes  disagreeably,  is  unstable, 
and,  except  as  an  escharotic,  is  seldom  used.  The  British 
Pharmacopoeia  contains  three  nitric  acids: — Fuming  nitric 
acid,  sjiecific  gravity  1'5  ; Aiidmn  Nilriciim,  prepared  as  above, 
of  specific  gravity  1‘42  and  containing  70  per  cent,  of  real 
acid;  and  Acidmn  Nihicinn  Di/tdiwi,  specific  gravity  IT 01, 
containing  nearly  17^^  (17T4)  per  cent.  Either  of  the  more 
concentrated  acids,  although  containing  water,  is  usually 
termed  “nitric  acid.”  The  official  nitric  acid,  of  specific 
gravity  IT 2,  is  not  a definite  hydrous  acid  although  its 
compo.sition  ajiproximates  to  the  formula  2HN0g,3H20;  it 
distils  at  250°  h'.  (121°  C.),  without  change.  If  a less  con- 
centrated acid  be  heated,  it  loses  water ; if  a more  concen- 
trated acid  be  heated,  it  loses  nitric  acid,  until  the  density 
of  1T2  is  reached.  Aqua  forlis  is  an  old  name  for  nitric  acid 
(^Aqua  f'orlu  .sivip/e.v,  specific  gravity  F22  to  T25  ; Aqua  furiis 
dup/e.r,  1 '36).  'I'lie  “concentration”  of  a specimen  of  nitric 
acid  is  determined  l)y  volumetric  analysis.  Nitric  anhydride, 
N.,()g  (sometimes,  but  erroneously,  called  anhydrous  nitric  acuC) 
is  a solid  crystalline  substance  formed  on  })assing  diy  chlorine 
over  dry  silver  nitrate. 

Metals  reduce  nitric  acid  to  the  various  oxides  of  nitrogen 
or  even  to  nitrogen  itself,  according  to  the  concentration  of 
acid,  tlie  temperature,  and  the  amount  of  nitrate  present. 
With  certain  metals,  such  as  zinc  and  iron,  and  moderately 
dilute  nitric  acid,  some  ammonium  nitrate  is  formed.  Thus, 
with  zinc, — 

lOHNOg  -t-  4Zn  = 4Zn(NOg)g  + NH.,NOg  + 3HgO 

A(jua  Regia. — A mixture  of  three  fluid  ounces  of  nitric 
acid  (B.P.),  four  of  h}'drochloric  acid  (B.P.),  and  twenty-five 
of  water  forms  the  Aciduni  Nitro-hydrochloricum  Dilutuni  of  the 
British  Pharmacopoda.  The  mixture  should  be  set  aside 
for  a week  in  summer  or  a fortnight  in  winter,  to  insure 
complete  interaction  and  full  development  of  the  chief  active 
product,  chlorine. 

Diluted  nitro-hydi’ochloric  acid  may  attack  organic 
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matter  with  evolution  of  nitrous  gases,  hence  it  should  not 
be  dispensed  with  tinctures,  etc.,  without  further  dilution. 

A mixture  of  concentrated  nitric  and  hydrochloric  acids 
is  known  as  acpia  regia  from  its  property  of  dissolving  gold, 
the  king  of  metals,  the  action  being  effected  by  the  chlorine 
wdiich  is  liberated. 

HNO3  + 3HC1  = NOCl  + 2H,0  + Cl., 

Nitric  acid  Ilydrocliloric  Nitrosyl  Water  Chlorine 

acid  chloride 

Nitrosyl  chloride  is  an  example  of  the  class  of  compounds 
known  as  acid  chlorides,  or  acichlorides,  formed  by  the 
substitution  of  chlorine  (Cl)  for  hydroxyl  (OH)  in  an  acid  ; 
thus  nitrosyl  chloride  may  be  formed  from  nitrous  acid 
NO  OH.  The  substitution  of  Cl  for  OH  is  often  useful 
in  deciding  how  the  oxygen  and  hydrogen  in  a substance 
are  combined,  for  it  is  probable  that  a univalent  atom  like 
Cl  can  only  be  substituted  for  another  univalent  atom  or 
radical,  and  therefore  if  it  replaces  O and  H they  must  be 
present  as  hydroxyl  ( - O - H). 


Analytical  Reaction. s-  of  Kitrate.s. 

1.  To  a solution  of  any  nitrate  (e.g.  KNO3)  add  sulphuric 
I acid  and  then  copiier  turnings,  and  warm  ; colourless  nitric 
I oxide,  NO,  is  evolved,  which  at  once  unites  with  the  oxygen 
in  the  tube,  giving  red  fumes  of  nitrogen  peroxide,  NO.,. 

2KNO3  + 5H3SO,  + 3Cu  = 2NO  + 3CuSO,  + 4H„0  + 
2KHSO.J ; then  2NO  + ()^,  = 2NO., 

Performed  on  a larger  scale,  in  a vessel  to  which  a 
deliveiy-tube  is  attached,  the  interaction  of  nitric  acid  and 
copper  is  the  process  generally  adopted  for  the  preparation 
of  nitric  oxide. 

Small  quantities  of  nitrates  may  be  overlooked  when 
this  test  is  employed,  the  colour  of  the  red  fumes  not  beiiiff 
very  intense.  ° 

L'ndiluted  nitric  acid  poured  upon  copjier  turnings  gives 
rise  to  the  formation  ot  dense  red  vajiours  which  contain 
nitrogen  peroxide,  NO^,  nitrous  anhydride,  N.,03,  nitric  oxide, 
, and  even  nitrogen,  Ng,  the  reaction  varying  somewhat 
according  to  the  temperature  of  the  mixture  and  (Aekworth) 
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the  quantity  of  cupric  nitrate  in  solution.  Witli  ordinary 
copper,  dilute  nitric  acid  gives  nitric  oxide,  3Cu  + 8HNOo  = 
3Cu(N03),,  + 4H.,0  + 2N0. 

Pure  nitric  oxide  may  be  obtained  by  treating  mercury 
with  a mixture  of  sulphuric  and  nitric  acids  ; or  b}'^  treating 
a mixture  of  potassium  nitrate  I part,  and  ferrous  sul- 
phate 4 parts,  with  sulphuric  acid  and  a small  quantity  of 
water. 

2.  To  a cold  solution  of  a nitrate,  even  if  very  dilute, 
add  three  or  four  crystals  of  ferrous  sulj)hatc,  shake  gently 
for  a minute,  in  order  that  some  of  the  sulphate  may  become 
dissolvc'd,  and  then  jxnir  some  concentrated  sulphuric  acid 
down  the  side  of  the  test-tube,  so  that  it  may  form  a layer 
at  tlie  bottom  : a dark-brown  or  black  coloration  will  ajjpear 
between  the  acid  and  the  supernatant  licjuid. 

'I’his  is  a very  delicate  test  for  nitrates.  Nitrites  give 
the  reaction  without  the  addition  of  sulphuric  acid.  The 
dark  colour  is  due  to  the  formation  of  a comj)ound  by  the 
interaction  of  nitric  oxide  with  a portion  of  the  ferrous 
.salt.  'J’he  nitric  oxide  is  liberated  from  the  nitrate  by  the 
reducing  action  of  the  hydrogen  of  the  sulj)huric  acid,  the 
sulj)huric  radical  of  which  is  absorbed  by  another  portion  of 
the  ferrous  sulphate,  the  latter  thereby  becoming  converted 
into  ferric  sulphate. 

2I-INO3 -t-  3H,SO.,  -I-  6FeSO.j  = 4H3O  + 3Fe,(SO.,)3  + 2NO 

The  proce.sN  of  oxidation  is  one  frequently  employed  in 
exj)erimental  chemistry ; and  nitrates,  from  their  richness 
in  oxygen,  and  the  readiness  with  which  they  ])art  with 
some  of  it,  are  the  oxidizing  agents  often  selected  for  the 
puiqjose.  In  the  operation  they  may  so  decomjwse  as  to 
yield  a metallic  oxide,  nitric  oxide,  and  oxygen.  H3’drogen 
nitrate  (nitric  acid)  commonly  yields  water,  and  the  other 
substances  mentioned,  as  shown  by  the  following  equa- 
tion 4HNO3  = 2II3O  + 4NO  + 30,. 

When  nitrates,  other  than  nitric  acid,  are  used  for  the 
purj)ose  of  oxidation,  a strong  acid,  generally  suliihuric,  is 
usually  added  in  order  that  nitric  acid  may  be  formed, 
the  latter  .s])litting  up  more  readil}"  than  mo.st  other 
nitrates. 


NITRATES 


The  Jive  oxides  of  iiilrogeii  have  now  been  mentioned, 
namely  : — 


Nitrous  oxide  (laughing-gas)  . . N^O 

Nitric  oxide  . . . . .NO 

Nitrous  anhydride  ....  N^Og 
Niti’ogen  peroxide  * ....  NO^  or  N^O^ 
Nitric  anhydride  .... 


Nitrous  oxide  is  a colourless  gas,  not  altered  on  exposure 
to  air.  Nitric  oxide  is  also  colourless,  but  gives  red  fumes 
in  the  air,  owing  to  combination  with  oxygen,  NO^  being- 
formed.  Nitrous  anhydride  forms  a red  vapour  condensible 
to  a blue  liquid,  recent  experiments  proving  that  the  red 
vapour  is  merely  a mixture  of  nitric  oxide,  NO,  and  nitrogen 
peroxide,  NO.,  ; it  is  only  in  the  liquid  .state  (at  or  below 
- 21°  C.)  that  the  compound  N^Og  exists.  Nitrogen  peroxide 
is  a red  vapour  condensible  to  an  orange  liquid.  Nitric- 
anhydride  is  a colourless  crj'stalline  solid.  The  two  an- 
hydrides, by  interaction  with  water,  yield  respectively 
nitrous  acid,  HNO.,  (stable  at  low  temperatures  but  decom- 
posed on  heating),  and  nitric  acid,  HNOg.  Nitrous  oxide 
is  also  probably  an  anhydride,  corresponding  to  hyponitrous 
acid,  HjNgO.,.  The  silver  and  sodium  salts  of  the  latter 
have  the  formulae  Ag.,N.,0.,  and  Na.,N,,0.,. 

d’he  compounds  of  nitrogen  and  oxygen,  formulated 
above,  furnish  a good  illustration  of  the  law  of  multiple 
proportions. 

3.  Direct  the  blowpipe-flame  against  a piece  of  charcoal 
until  a .spot  is  red-hot ; now  place  on  the  spot  a fragment  of 
a nitrate  ; deflagration  ensues. 

This  reaction  does  not  distinguish  nitrates  from  chlorates, 
but  indicates  the  presence  of  these  or  other  highly  oxidized 
salts,  even  when  the  quantities  are  small  and  other  substances 
are  mixed  witli  them. 


Giiiipoirder  is  an  intimate  mechanical  mixture  of  7b  j)arts 
of  nitre,  15  to  12i  parts  of  charcoal,  and  10  to  12.',  parts  of 


• At  low  temperatures  nitrogen 
formula  N,,()^.  The  molecules  of 
gently  warming  to  form  2NO„. 


peroxide  is  represented  by  tlie 
N.A),  decompose,  however,  on 
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sulphur.  In  order  to  avoid  explosions,  the  ingredients  must 
be  separately  ground,  then  moistened  with  water  and  mixed 
to  a paste,  which  is  afterwards  granulated  and  carefully 
dried.  When  fired  it  may  be  said  to  yield  potassium 
sulphide,  KgS  (the  white  smoke),  nitrogen,  N,„  carbonic 
oxide,  CO,  and  carbonic  anhydride,  CO,„  though  the  decom- 
jiositioji  is  seldom  complete.  The  sudden  production  of  a 
large  quantity  of  highly  heated  gas  from  a small  quantity  of 
a cold  solid  is  suflicient  to  account  for  the  effects  produced 
by  gunpowder  when  fired. 

4.  'I'f)  nitric  acid  or  any  other  nitrate  add  a solution 
of  sulphindigotic  acid  (indigo  sulphate) ; the  blue  colour 
is  di.scharged.  Free  chlorine  also  destroys  the  colour  of 
this  reagent. 

Solution  of  Indigo  Sulphate,  B.P. — Sulphindylic  or 
Sulphindigotic  Acid  is  indigotin-disuljdionic  acid,  Cj,.Hg 
(IIS().,).,N.,0.„  and  is  made  by  digesting  0'2  gramme  of  dry 
finely  ])owdered  indigo  in  2 cubic  centimetres  of  concentrated 
sulphuric  acid  in  a test-tube  for  an  hour,  the  mixture  being 
kejjt  hot  by  means  of  a water-bath  ; the  blue  liquid  is  then 
j)oured  into  1!)8  cubic  centimetres  of  sulphuric  acid,  the 
whole  well  shaken,  set  aside,  and  the  clear  liquid  decanted. 

Aiilidolc. — In  cases  of  j)oisoning  by  nitric  acid,  solution  of 
sodium  carbonate  (common  washing  soda)  or  magnesia  and 
water  may  be  ;id ministered  as  antidote. 


QUESTIONS  AND  EXERCISES 

Trace  the  origin  of  nitrates. — In  what  does  cubic  nitre  differ 
from  prismatic  nitre  ? — Describe  a process  by  which  potassium 
nitrate  may  be  obtained  artificially. — State  the  difference  between 
ordinary  nitre  and  sal  prunella. — What  is  the  acid  radical  of  the 
nitrates  ? — How  is  the  official  nitric  acid  prepared  ? — Give  the 
properties  of  nitric  acid. — What  reactions  occur  when  concentrated 
nitric  and  hydrochloric  acids  are  mixed  ? — How  is  nitric  oxide  pre- 
pared?— Enumerate  and  explain  the  tests  for  nitrates. — What 
reduction  products  may  be  obtained  from  nitric  add  when  it  is 
employed  as  an  oxidizing  agent? — How  is  nitrous  oxide  prepared? — 
Enumerate  the  five  oxides  of  nitrogen. —What  is  the  nature  of 
gunpowder  ? — What  quantity  of  cubic  nitre  will  be  required  to 
produce  ten  carboys  of  official  nitric  acid,  each  containing  IH  lbs.? 
yfjis. , 1077  lbs.  
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HYPOCHLOROUS  ACID,  HCIO,  and  other 
Hypochlorites 

Experiment. — Place  a few  j^rains  of  I'ed  mercuric  oxide  (or 
better,  a small  quantity  of  moist  freshly-precipitated  yellow 
mercuric  oxide)  in  a test-tube,  half  fill  the  tube  with  chlorine 
water,  well  shake  the  mixture,  and  filter  ; the  resulting  liquid 
is  a solution  of  hypochlorous  acid,  mercuric  oxychloride 
remaining  undissolved : — 

2HgO  -t-  2Cl,  + HP  = 2HC10  + HgpCl, 

By  the  interaction  of  hypochlorous  acid  and  oxides  or 
hydroxides,  other  pure  hypochlorites  are  formed  : — HCIO  -|- 
Na0H  = NaC10  + H.p. 

The  action  of  chlorine  on  metallic  hydroxides  gives  rise  to 
“bleaching  salts,”  which  are  either  mixtures  of  hypochlorite 
and  chloride,  or  compounds  intermediate  between  hypo- 
chlorite and  chloride  (see  p.  125,  Ca/.v  Chlorinatn,  B.P.,  also  p. 
91,  Li(juor  Sodee  Chlorinatce,  B.  P.) 

Cl„  + 2NaOH  = (NaClO,  NaCl)  -h  H„0  ; 

2C1,  + 2Ca(OH),  = (CaCip,,  CaCl,)  + 2Hp. 

i The  action  of  strong  acids  on  “ bleaching  salts  ” results  in  the 
I evolution  of  chlorine  ; hence  the  great  value  of  chlorinated 
I lime  in  bleaching  operations  : — 

(CaCl/),,  CaCg  + 2H,SO^  = 201,  -(-  2CaSO^  -f  2Hp 

On  exposure  to  air  solutions  of  hypochlorites  are  slowly 
'■  decoinj)osed  with  liberation  of  hypochlorous  acid,  recognisabre 
by  its  peculiar  odour  : — 

2NaC10  + CO,  -H  H/)  = 2HC10  -p  Na^Og  • 

I The  peculiar  odour  of  this  acid,  the  liberation  of  chlorine 
l^on  the  addition  of  a strong  acid,  and  their  bleaching 
,poweis,  aie  the  characters  on  which  to  rely  in  scarchiim  for 
■hypochlorites. 
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CHLORIC  ACID,  HCIO3,  and  other  Chlorates 

Clilorates  are  formed  by  boiling  aqueous  solutions  of  the 
bleaching  salts  (chlorinated  lime,  chlorinated  soda,  chlorinated 
potash).  Heat  thus  converts — 
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Potassium  Chlorate 

Potassium  Chlorate  (i^o/rt.y.y«  Ckhras,  B.P.),  is  commercially 
made  by  saturating  with  chlorine  gas  a moistened  mixture  of 
3 j)arts  of  potassium  chloride  and  10  of  calcium  hydroxide, 
and  well  boiling  the  product.  Chlorinated  lime  is  first 
formed  ; this,  on  cojitinucd  boiling  with  water,  splits  up  into 
calcium  chloride  and  calcium  chlorate  ; and  the  latter  inter- 
acting with  the  potassium  chloride  yields  calcium  chloride  and 
potassium  chlorate. 

GCa(OH).,  + GCI.3  = 3[CaCl.„  Ca(C1.0)„]  + GH.,0 ; 
3[CaCl^,  Ca(ClO).,]  = Ca(C103).,  +“5CaCl.,;“ 
Ca(C103),,  + 2KC1  = CaCh  + 2KC103“ 

'I’he  operation  may  be  conducted  on  a small  scale  by  rubbing 
the  ingredients  together  in  a mortar  in  the  foregoing  propor- 
tions, adding  enough  water  to  make  the  whole  assume  the 
character  of  damp  lumps,  placing  the  porous  mass  in  a funnel 
(loosely  plugged  with  fragments  of  glass)  and  j)assing  chlorine 
up  through  the  mass  by  attaching  to  the  neck  of  the  funnel 
the  tube  delivering  the  gas.  When  the  whole  mass  has 
become  of  a slight  pink  tint  (due  to  a trace  of  permanganate 
from  manganese  present  as  impurity  in  the  calcium  hydroxide) 
it  should  be  turned  into  a dish,  iccll,  boiled  with  water,  filtered, 
the  filtrate  evaporated  if  necessaiy,  and  set  aside  ; the  jiotas- 
sium  chlorate  separates  in  tabular  inonoclinic  cry.stals,  calcium 
chloride  remaining  in  the  mothcr-licpior.  In  this  process 
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potassium  carbonate  may  be  used  in  place  of  potassium 
chloride. 

6C1^  + K,C03  + 6Ca(OH)2 

Chloriue  Potassium  carbonate  Calcium  hydroxide 

2KCIO3  + CaCOg  + 5CaCl,  + GH^O 

Potassium  Calcium  Calcium"  Water 

chlorate  carbonate  chloride 

Potassium  chlorate  is  now  prepared  on  the  commercial 
scale  by  the  electrolysis  of  a solution  of  potassium  chloride. 

Potassium  chlorate  is  soluble  in  water  to  the  extent  of 
6 or  7 parts  in  100  at  ordinary  temperatures.  It  is  usually 
administered  medicinally  in  aqueous  solution,  sometimes  also 
in  lozenges  (^Trochiscus  Potassii  Chloralis,  B.P.).  Potassium 
chlorate  must  on  no  account  be  rubbed  with  sulphur  or  sul- 
phides, in  a mortar  or  otherwise,  friction  of  such  mixtures  often 
giving  rise  to  violent  explosions. 

Potassium  chlorate  when  heated  to  a temperature  not 
greatly  beyond  its  fusing  point,  yields  potassium  chloride  and 
oxygen,  and  is  the  salt  commonly  employed  in  the  prepara- 
tion of  this  gas  for  experimental  purposes.  If  the  action  be 
carried  on  at  as  low  a temperature  as  possible,  and  be  arrested 
when  one  hundred  parts  of  the  chlorate  have  yielded  7 '84 
parts  of  oxygen,  the  residue  will  be  found  to  contain  only 
potassium  j)erchlorate,  KCIO^  and  chloride;  10KClO3  = 
6KC10^  + 4KCl  + 30^  (T  eed).  A higher  temperature  causes 
the  decomposition  of  the  perchlorate;  KCIO^  = KCl -|- 20.^. 
W hen  the  chlorate  is  heated  with  manganese  peroxide,  no 
perchlorate  is  formed. 

Sodium  Chlorate  (Sodii  Chlorax,  U.S.P),  NaClOg,  is  prepared 
in  the  same  way  as  potassium  chlorate. 

( Iiloric  acid,  HClOg,  may  be  isolated  by  decomposing 
barium  chlorate  with  dilute  sulphuric  acid,  but  is  unstable, 
quickly  decomposing  into  chlorine,  oxygen,  and  perchloric- 
acid. 

Analijlical  Heaclioiix  of  Chloralex. 

1.  lo  a solution  of  a chlorate  add  solution  of  silver  nitrate  ; 
no  precipitate  is  produced,  showing  that  silver  chlorate  is 
soluble  in  water.  Evaporate  another  portion  of  the  solution 
to  drynes.s,  and  place  the  residue  in  a small  dry  test-tube  (or 
simply  drop  a fragment  of  a chlorate  into  a test-tube)  and 
heat  strongly  ; oxygen  is  evolved,  and  may  be  recognised  by 
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its  power  of  rekindling  an  incandescent  match  inserted  in  the 
tube.  Boil  the  residue  with  water,  and  again  add  solution  of 
silver  nitrate  ; a white  precij^itate  is  produced  which  possesses 
all  the  characters  of  silver  chloride,  as  described  under 
hydrochloric  acid. 

2.  To  a small  fragment  of  a chlorate  add  two  or  three 
drops  of  concentrated  sul2)huric  acid ; an  explosive  gas, 
chlorine  peroxide,  ClOo,  is  evolved,  which  somewhat  resembles 
chlorine  in  odour,  but  possesses  a deeper  colour. 

.3KCIO3  + 2H3SO.,  = 2C10.,  + KCIO^  + 2KHSO.,  + H^O. 

Warm  the  uj)pcr  part  of  the  test-tube  to  150°  or  200°  F. 
(C)5‘5°  to  93'3°  C.),  or  introduce  a hot  wire ; a sharp  explosion 
ensues,  due  to  decomposition  of  the  chlorine  peroxide  into 
chlorine  and  oxygen. 

3.  Heat  a small  fragment  of  a chlorate  with  hydrochloric 
acid  ; a yellowish  green  gaseous  mixture  called  euchlorine  is 
evolved.  Its  colour  is  deeper  than  that  of  chlorine,  hence 
the  name  (from  ev,  eii,  well,  and  yAwpos,  ch/drox,  green).  It  is 
really  a mixture  of  that  element  with  chlorine  peroxide. 

4.  Direct  the  l)lowj)ij)e-flame  against  a piece  of  charcoal 
until  a spot  is  red-hot,  and  then  place  on  the  spot  a fragment 
of  a chlorate  ; deflagration  ensues,  as  in  the  case  of  nitrates. 

Perchloric  acid,  HCIO^.  — Crude  potassium  perchlorate 
obtained  as  already  described,  is  boiled  (in  a fume-cupboard) 
with  hydrochloric  acid  to  decompose  any  chlorate  that  may 
be  2)i’esent,  and  then  sejiarated  from  chloride  by  washing 
and  crystallization,  chloride  being  far  more  soluble  in  water 
than  jjerchlorate.  Perchloric  acid  is  then  obtained  by  dis- 
tilling the  jiotassium  ])erchlorate  with  sulphuric  acid  ; it  is 
stable,  and  is  occasionally  administered  in  medicine. 

Table  of  the  Chlorine  Acids. 


Hydrochloric  acid 

. II  Cl 

Hypochlorous  acid 

. HCIO 

Chloric  acid  . 

. HCIO3 

Perchloric  acid 

. HCIO, 
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The  acid  radicals  of’  the  above  chlorine  acids  are  univalent, 
as  indicated  in  the  various  formulae. 


Bromates 

Bromates  are  salts  closely  resembling  chlorates  and  iodates. 
The  formula  of  bromic  acid  is  HBrOg.  The  presence  of 
bromates,  as  impurity,  in  bromides  is  shown  by  the  i)ro- 
duction  of  a yellow  colour,  due  to  the  liberation  of  bromine, 
on  the  addition  of  dilute  sulphuric  acid. 

5KBr  + KBrOg  + 6H,SO^  = 6KHSO,  + 3H,0  + 3Br, 

Iodates 


Iodic  Acid,  HIO3. — Iodine  is  warmed  in  a Hask  with  five 
times  its  weight  of  fuming  nitric  acid  (sp.  gr.  TO),  in  a 
t fume-cupboard,  until  all  action  ceases.  On  cooling,  iodic  acid 
separates  in  small  pyramidal  crystals.  These  are  sejiarated, 
cthe  residual  liquid  evaporated  to  dryness  to  remove  excess  of 
1.  nitric  acid,  the  residue  and  the  first  crop  of  crystals  dissolved 

Iin  a small  quantity  of  boiling  water,  and  the  solution  set  aside 
to  ciystallize.  Neutralized  with  carbonates  or  hydroxides,  it 
yields  iodates. 

Potassium  iodate  and  sulphurous  acid  mutually  interact 
k with  elimination  of  iodine  (and  formation  of  a blue  colour,  if 
ti  starch  be  present).  Sulphurous  acid  occurring  as  an  im- 
k purity  in  acetic  and  other  acids  may  thus  be  detected. 

2KI03  4-  5H,S03  = I,  + 3H3SO.1  + 2KHSO^  + H^O 

Ferric  lodale,  or  rather  ().rijiodale,  Fe20(I03)j,  8H.,0,  is 

J precipitated  on  adding  a solution  of  ferric  chloride  to  solution 
of  potassium  iodate.  When  heated  with  sulphuric  acid  and 
“ potassium  bichromate,  most  iodides  are  decomposed,  yielding- 
iodine  and  a .sulphate  of  the  metal  ; silver  iodide,  however,  is 
I an  exception,  as,  though  it  gradually  dissolves,  no  iodine  is 
I separated,  and  on  diluting  the  solution  and  allowing  it  to 
cool,  a yellow  precipitate  consi.sting  of  impure  silver  iodate  is 
I deposited. 


QUESTIONS  AND  EXERCISES 

I hypochlorous  acid  be  formed? — By  what  reaction  is 

I chlorine  eliminated  from  hypochlorites  ? — State  the  general  reaction  by 
1 which  chlorates  are  formed. — Give  details  of  tlie  j)reparation  of  ])ota.s- 
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slum  chlorate. — Mention  the  properties  of  potassium  chlorate. — What 
decompositions  occur  when  potassium  chlorate  is  heated? — Find  the 
formula  weight  of  pottissium  chlorate. — What  weight  of  oxygen  is 
produced  when  1 oz.  of  potassium  chlorate  is  completely  decomposed, 
and  how  much  pobissium  chloride  remains  ? — One  hundred  cubic 
inches  of  oxygen,  at  60°  F.  and  barometer  at  30  inches,  weighing 
34 ‘203  grains,  and  one  gallon  conUiining  277 cubic  inches,  what 
weight  of  pobissium  chlorate  will  be  required  to  yield  10  gallons  of  the 
gas  ? Am.,  oz. — Calculate  the  weight  of  pobissium  chloride  obtain- 

able from  100  parts  of  pobissium  chlorate. — Mow  may  the  presence  of 
chlorides  in  (chlorates  be  demonstrated? — Mention  the  tests  for 
chlorates.  — Give  the  formula  of  chlorine  peroxide.  — What  is 
euchlorine  ? — How  is  perchloric  acid  prepared  ? — Enumerate  the 
chlorine  acid.s. — How  may  iodic  acid  be  made? 


ACETIC  ACID,  HC^H30o,  and  other  Acetates 

Source. — Acetic  acid  is  said  to  occur  naturally  in  small 
(|uantity  in  certain  plant-juices  and  animal  Huids,  but  is 
usually  an  artificial  product.  Much  acetic  acid  is  jiroduced 
during  the  destructive  distillation  of  wood.  When  first  dis- 
covered in  this  operation  the  acid  was  regarded  as  a new  one, 
and  ivas  named  pi/roligneoii.s-  acid,  a hybrid  word  from  Trvp, 
pur,  fire,  and  liguinu,  wood,  a term  still  retained  for  the  crude 
acid,  'i’he  latter,  neutralized  by  calcium  carbonate,  the 
solution  eva))orated  to  drynes.s,  and  the  residue  gently  heated 
to  drive  off  volatile  tarry  matters,  yields  calcium  acetate. 
Acetic  acid  is  obtained  in  a state  of  purity  (mixed  with  water 
only)  by  starting  from  this  crude  calcium  acetate,  converting 
it  into  sodium  acetate,  recrystallizing  the  latter  and  distilling 
it  with  dilute  sulphurie  acid.  Diluted  acetic  acid  is  some- 
times sold  as  'white  innegar,  one  of  the  many  varieties  of 
vinegar.  It  has  been  known  as  wood  vinegar  for  the  past 
sixty  or  seventy  years.  It  is  generally  eoloured  broAvn  with 
caramel  to  meet  the  taste  of  the  public.  In  Germany  and 
P’rance  large  quantities  of  acetic  acid  are  made  by  the 
oxidation  of  the  alcohol  in  inferior  wines,  in  the  presence  of 
a bacterium  called  Mpeodenna  Aceli  (the  Bacterium  Mycodermi 
of  Cohn)  ; hence  the  ivliite-uine  and  red-wine  vinegars-  (x'inegar, 
from  the  I’rench  vin,  wine,  and  aigre,  sour).  'Fliis  bacterium 
may  be  cultivated,  and  the  manufiicture  of  vinegar  from 
alcohol  and  water  is  carried  out,  by  its  aid,  on  the  large 
scale.  In  Fhigland  also  the  domestic  form  of  acetic  acid 
(brown  vinegar)  commonly  has  an  alcoholic  origin  : infusion 
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of  malt  and  unmalted  grain,  or  sometimes  the  latter  alone 
after  treatment  with  sulphuric  acid,  is  fermented  ; and  the 
resulting  alteration  of  its  sugar,  instead  of  being  arrested 
when  the  product  is  an  alcoholic  licjuid,  a sort  of  beer,  is 
allowed  to  go  on  to  the  next  stage,  acetic  acid  ; it  usually 
contains  from  3 to  6 per  cent,  of  actual  acetic  acid  or  hydrogen 
acetate,  HC.jHgO.,.  Different  strengths  of  vinegar  are  sold 
under  the  numbers  16,  18,  20,  22,  and  21,  corresponding  to 
the  number  of  grains  of  anhydrous  sodium  carbonate  neutral- 
ized by  one  imjierial  fluid  ounce  of  the  vinegar,  or,  broadly, 
to  4,  l.'„  5,  51  and  6 per  cent,  of  acetic  acid  respectively. 
-\11  of  these  “ brewed  vinegars  ” are  further  coloured  with 
caramel,  to  suit  the  popular  taste.  Vinegar  is  a generic 
term  applicable  to  any  one  or  to  all  varieties.  Its  essential 
component  is  acetic  acid. 

Official  I'inegars. — The  so-called  Vinegar  of  Cantharides 
(Acelian  Canthaiidis,  B.P.)  is  a solution  of  the  active  principle 
of  cantharides  in  moderately  concentrated  acetic  acid.  The 
Vinegars  of  Squill  {Acelinn  SciJla’,  B.P.),  of  Ipecacuanha 
{Aceluin  Ipecacuanha’,  B.P.),  and  of  Urginea  (^Acetuni  Urgineu’, 
B.P.  Add.  1900),  as  well  as  Acetum  Opii,  U.S.P.,  or  “black 
droj),”  contain  dilute  acetic  acid,  that  is,  wood  vinegar.  Vinegar 
of  Slijlahri.s-  (Acelinn  Mplahrulis,B.[\  Add.  1900)  contains  equal 
volumes  of  glacial  acetic  acid  and  distilled  water. 

The  acetic  radical,  C.,HgO.,',  is  univalent. 

Acetic  acid  is  regarded  as  containing  the  radical  aceli/l 
(C^HgO)  united  with  hi/dro.ri/l  (OH),  and  the  acetates  as 
containing  metal  in  place  of  the  hydrogen  of  the  hydroxyl 
group.  By  interaction  with  phosphorus  trichloride,  acetic 
acid  yields  acetyl  chloride,  CgHgOCl.  Acetyl  chloride  and 
sodium  acetate  interact  to  give  sodium  chloride  and  acetic 
anhydride. 

C.dlgO  Cl 
CJlgOO  Nh 

By  interaction  with  water,  acetic  anhydride  yields  acetic 
acid  : (C.HgO)/)  + H.,0  = 2CJ  I/).,. 

^ ole  on  Aniii/dridc.s.  Up  to  this  point  an  aidiydride  has 
been  regarded  as  a substance  derived  from  an  acid  by 
removal  of  the  whole  of  the  hydrogen  of  the  acid,  together 
with  as  much  of  its  oxygen  as  with  the  hydrogen  forms 


= ((UlgO)A)  + Nad 
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Avaler.  Tliis  docs  not  applj^  to  acetic  anhydride,  and  must 
therefore  be  somewhat  (pialified.  An  anhi/dridc  is  derived 
from  an  acid,  the  acid  having  lost  the  whole  of  its  replaceable 
hydrogen,  and  as  much  oxygen  as  is  necessary  to  form 
water  with  that  hydrogen. 

I he  relation  of  acetic  acid  to  alcohol  will  be  evident 
from  the  following  ecpiation  representing  the  formation  of 
the  acid  : — 

•C,M,()  + (),  = Cy-I/)„  + HA) 

Alcohol  Acntlc  aciil 

Ace! ales  in  acjueous  solution  are  liable  to  decomposition. 
In  solution  of  morphine  acetate  a fungoid  groAvth  occasion- 
ally forms,  acetic  acid  disappears,  and  morphine  is  de])osited. 
Solution  of  ammonium  acetate  is  liable  to  a similar  change, 
gradually  becoming  alkaline. 

E.vperimcid. — 'i’o  a few  grains  of  sodium  acetate  in  a test- 
tube,  add  dilute  sulphuric  acid,  and  heat;  acetic  acid  is 
evolved,  and  may  be  condensed  by  passing  it  through  a bent 
tube  adapted  to  the  test-tube  by  means  of  a cork  in  the 
usual  way. 

NaC:.,H,p,  + H.,S().,  = HC2H3O,  + NaHSO^ 

(SoAiiiin  Sulphuric  Acetic  acid""  Acid  sodium 

acetate  acid  sulphate 

'J’he  above  is  the  process  by  which  acetic  acid  is  obtained 
from  sodium  or  calcium  acetate  on  the  large  scale.  As  in 
the  cases  of  nitric  and  hydrochloric  acids,  the  term  “acetic 
acid  ” is  usually  apjilied  to  the  acpieous  solution  of  the  acid. 
Acidttvi  Aeelicum,  13. P.,  contains  33  per  cent,  of  hydrogen 
acetate,  HCyll^O.,.  Acid  urn  Acelicam  DiUdum,  B.P.,  contains 
about  4]  (I'SV)  per  cent.  Glacial  acetic  acid, 
contains  no  water.  It  solidifies  to  a crystalline  mass  at 
temj)cratures  below  03°  F.  (17'2°  C.),  hence  the  ajijiellation 
rrlacial  (from  glades,  ice).  G()od  commercial  glacial  acetic 
acid  (Acidiim  Aeelicum  Glacialc,  B.P.)  does  not  contain  more 
than  1 per  cent,  of  water ; it  solidifies  when  cooled,  and 
again  liquefies  at  about  00°  F.  (15‘5°  C.);  its  s[iecific  gravity 
is  F058.  yVlthough  water  is  s])ccifically  lighter  than  this 
acetic  acid,  yet  the  addition  of  water  at  first  raises  the  sp. 
gr.  of  the  aeid  ; evidently,  therefore,  contraction  takes  place 
on  mixing  the  licjuids:  .after  10  per  cent,  has  been  added. 
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tlie  addition  of  more  water  produces  the  usual  effect  of 
dilution  of  a liquid  with  one  specifically  lighter — namely, 
lowering  of  the  specific  gravity.  Glacial  acetic  acid  mixes 
readily  with  most  oils. 

Audhjtical  Reaciions  of  Acetates. 

1.  To  an  acetate  add  sulphuric  acid,  and  heat  the 
mixture;  the  characteristic  odour  of  acetic  acid  is  evolved. 

Note. — Iodine,  su]j)hurous  anhjdride,  and  other  substances 
which  possess  a powerful  odour,  may  mask  that  of  acetic 
acid. 

2.  Repeat  the  above  reaction,  a few  drops  of  alcohol 
being  first  added  to  the  acetate  ; acetic  ether  (ethyl  acetate, 

possessing  a characteristic  pleasant  odour,  is 

evolved. 

3.  Heat  a fragment  of  a dry  acetate  (potassium,  sodium 
calcium  or  barium  acetate,  for  example)  in  a test-tube,  and 
notice  the  odour  of  the  gaseous  products  of  the  decomposi- 
tion ; amongst  them  is  acetone,  CgHj.O,  the  odour  of  which 
is  characteristic.  Blackening  takes  jdace  in  most  cases.  A 
carbonate  remains  in  the  test-tube.  (‘Vcc  tests  for  carbonates.) 

4.  To  a solution  of  an  acetate,  made  neutral  by  the 
addition  of  acid  or  alkali,  as  the  case  may  be,  add  a few 
drops  of  neutral  solution  of  ferric  chloride  ; a deep-red  licpiid 
results,  owing  to  the  formation  of  ferric  acetate,  Fe(C,,H  jO.,).j. 
Boil  ; a red  [>reci{)itate  of  ferric  oxyacetate  is  formed,  leaving 
the  liquid  colourless. 

Anatiflicat  Xolc. — The  student  should  observe  that  all 
normal  acetates  are  soluble  in  water.  Silver  acetate, 
and  mercurous  acetate,  Hg('.,H.,()„  are  only 
sparingly  soluble  in  cold  water,  but  the  fact  can  seldom  be 
utilized  in  analysis.  Hence,  preci])italion  not  being  .-ivail- 
f^ble,  ])eculiarities  of  colour  and  odour,  the  next  best 
characters  on  which  to  rely,  are  usually  adopted  as  me.ins 
by  which  acetates  may  be  detected.  Most  acetates,  like 
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ninny  other  or^vanic  coiniioiinrls,  eliar  wlien  heated  to  a 
higli  temperature. 


QUESTIONS  AND  EXERCISES 

What  is  Uie  formula  of  acetic  acid  ? — State  the  relation  of  acetic 
acid  to  oHier  acetates. — What  is  the  molecular  weight  of  acetic  acid  ? 
—Name  the  sources  of  acetic  acid. — What  is  pyroligneous  acid? — 
Erom  what  comjiound  is  the  acetic  acid  of  most  foreign  and  English 
varieties  of  vinegar  derived  ? — What  is  tlic  nature  of  the  “ Vinegars  ” 
of  I’harmacy? — How  may  acetic  acid  be  obtained  from  sodium 
acetate? — How  much  hydrogen  acetate  is  contained  in  each  of  the 
oflicial  acetic  acids  ? — Enumerate  the  tests  for  acetates. 


HYDROSULPHURIC  ACID,  H.S,  and  other 

Sulphides 

Occurrence  and  varieties  of  Sulphur. — The  acid  radical  of 
lujdrogen  sulphide,  hydro.s-ulphuric  acid,  sulphi/dric  acid,  or 
sulphurelled  hijdrogen  and  otlier  sulphides,  is  suljiliur,  S. 
Sulpluir  occurs  free  in  nature,  and  also  in  combination  with 
metals,  as  already  stated  in  describing  the  ores  of  some  of 
the  metals.  It  also  occurs  in  coal,  chiefly  as  iron  pyrites, 
and  sulphur  compounds  are  obtained,  as  waste-products,  in 
the  manufacture  of  coal-gas.  Most  of  the  sulphur  used  in 
medicine  is  imported  fi'om  Sicily,  where  it  occurs  chiefl}^ 
associated  with  blue  clay.  It  is  purified  by  fusion,  sublima- 
tion, or  distillation.  Melted  and  poured  into  moulds,  it 
forms  roll  sulphur.  It  is  slightly  volatile,  even  on  a water- 
bath.  If  distilled,  and  the  vapour  carried  into  large 
chambers,  so  that  it  may  be  condensed  rapidly,  it  forms 
crystals  which  are  so  minute  as  to  give  the  sulphur  a pul- 
verulent character  ; this  is  suhlitned  sulphur  (Sulphur  Sublima- 
lum,  B.P.),  or  jlowcrs  of  sulphur:  “solution  of  ammonia, 

agitated  with  it,  and  filtered,  does  not  on  evaporation  leave 
any  residue  (absence  of  arsenium  suliihide).”  Suljihur, 
/vashed  with  dilute  ammonia  to  remove  traces  of  suljihuric 
acid  (often  OT  |ier  cent.,  resulting  from  very  slow  o.xidation 
of  sulphur  in  ordinary  moist  air),  or,  possibly,  arsenious 
sulphide  constitutes  Sulphur  Lolum,  U.S.P.  'The  third 
common  form,  milk  of  sulphur  (Sulphur  I’m-cijnlaliun,  B.P.),  will 
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l)e  noticed  SLibsequently.  Sulj)lnir  also  occurs  in  nature  in 
combination  as  a constituent  of  animal  and  vegetable  tissues, 
as  sulphurous  anhydride,  SO.,,  in  volcanic  vapours,  and  as 
hydrogen  sulphide  in  some  mineral  waters.  Sulphur  exists 
in  several  allotropic  forms,  of  which  the  following  four  may 
be  noticed: — -1.  Octahedral  sulphur — the  native  and  most 
stable  form.  2.  Prismatic  sulphur,  obtained  by  melting  the 
ocathcdral  varietj',  and  cooling  until  a crust  forms.  3. 
Plastic  sulphur,  obtained  by  heating  melted  sulphur  to  a 
temperature  of  440°  C.  (836°  F.),  and  pouring  into  cold 
water.  4.  Amorphous  sulphur,  obtained  in  the  projiortion 
of  5-G  per  cent,  when  the  octahedral  variety  is  sublimed. 

Alhtropi/. — Phe  existence  of  more  than  one  variety  of  the 
same  elementary  substance  (as  instanced  in  the  varieties  of 
sulphur  enumerated  above)  illustrates  what  is  known  in 
chemistry  as  allotropy  (uAAo?,  aJlos,  another ; rpoTros,  tropo.s, 
condition).  Other  instances  are  met  with  in  the  dift'erent 
forms  of  carbon,  })hosphorus,  etc. 

Black  sulphur  or  Sulphur  vivum  nigrum  is  the  misleading 
name  of  a greyish  mineral  mixture  of  sulphur  with  a great 
variety  of  impurities,  generally  including  arsenic.  The 
article  should  not  be  used  for  any  medicinal  purj)ose. 

Quantivalence. — Sulphur  behaves  as  a sexivalent  element 
in  sulphuric  anhydride,  SO^,  a substance  which  will  be 
noticed  under  sulj)huric  acid,  and  as  quadrivalent  in  sulphur- 
ous anhydride,  SO._„  while  it  is  frequently  hivalcnt,  as  in 
hydrogen  sulphide, 

Molecular  Funnula. — At  tcm))eratures  hetween  the  hoilino- 
point  of  sulphur  (448'4°  C.)  and  about  1000°  C.,  the  vaj)our 
density  of  sulj)hur  gradually  diminishes  as  the  temperature 
rises.  Above  1000°  C.,  or  so,  it  is  constant  and  then  corre- 
sponds to  the  molecular  formula  .S.,. 

Precipitated  Sulphur 

h.rpcrimenl  1. — Prepare  Precipilalcd  Sulphur  (^Sulphur  Biw- 
cipilalum,  B.P.),  or  Milk  oj  Sulphur,  by  boiling  a few  grains  of 
Bowers  of  sulphur  (.5  parts)  with  calcium  hydroxide  (3  parts) 
and  water  (20  parts)  in  a test-tuhe  (larger  (piantitics  in  an 
evaporating-basin),  filtering,  and  (reserving  a small  portion 
of  the  filtrate)  adding  dilute  liydrochloric  acid  until  the  well- 
stirred  milky  licpiid  still  has  a faintly  alkaline  reaction  to 
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tcst-])aj)er ; sulphur  is  precipitated,  and  may  be  collected  on 
a filter,  washed,  and  dried  (at  about  130°  F.,  54 -4°  C.).  Ex- 
cess of  acid  must  be  avoided  in  order  to  ju'event  contamination 
of  the  precijiitate  with  traces  of  arsenious  suljdiide  (from  the 
decom])osition  of  any  thiarsenite,  produced  from  arsenious 
sulphide  present  as  impurity  in  the  sulphur  employed). 

This  is  the  method  of  the  Pharmacopoeia. — Calcium  poly- 
sulphide and  thiosulphate  are  first  formed  : — 

3Ca(OH),  + GS,  = 2CaS,,  + CaS.,03  + 3H,0 

Calcium  " Hulpliur  Calciuili  Calcium  Water 

liydroxido  polysulpliide  tliiosulphatfl 

On  adding  the  acid,  both  salts  are  decomposed  and  (partly 
in  consetiuence  of  an  intermediate  reaction)  sulphur  separ- 
ates : — 

2CaS3  -I-  CaS„0.,  + 6HC1  = 3CaCl.,  + 3H,()  + 6S, 

Calcium  Calcfiim  Hydrochloric  Calcium”  Watiu-  Sulphur 

|)olyHulphidn  thioHulphato  acid  chloride 

'I'he  calcium  polysulphide  yields  hydrogen  sulphide  and 

milk-white  sulphur  on  the  addition  of  the  acid.  The  calcium 
thiosulphate  then  yields  sul])hurous  anhydride  as  well  as 
yellowish  sulphur.  The  gases  interact  and  give  sulphur 
and  water,  very  little  hydrogen  sulphide  escaping : this  is 
the  intermediate  reaction  just  alluded  to.  A little  penta- 
thionic  acid  (j).  337)  is  also  said  to  be  formed. 

4PES  + 2S03  = 3S3  + 4H30 

Sulphur  iMzenge  (^Trochiscus  Sulplmrix,  B.P.)  contains  5 
grains  of  precipitated  sulphur,  8 grains  of  sugar,  and  1 grain 
each  of  gum  acacia  and  cream  of  tartar,  made  into  a mass 
with  1 minim  each  of  mucilage  and  tincture  of  orange,  and 
dried. 

E.vpcrivienl  2. — Calcareous  Prccipitaled  Sulphur.  The  old 

‘^Milk  of  Sulphur.” — To  a sulphur  solution  prepared  as 

before  (or  to  the  reserved  jjortion)  add  a little  dilute  sul- 
phuric  acid  ; the  precipitate  is  in  this  case  largely  mixed 
with  calcium  sulphate  : — 

2CaS,  +CaS„03  + 3PLS(),  + 3H20  = 3(CaS(),„  214^0)+  GS., 

Ciilciuin  Calcium  Sulplmrlc  Water  Calcium  aiilpliatn  Sulphur 

polysulpliido  thiosulphate  aciil 


SULPHIDES 


325 


Place  a little  of  each  of  these  specimens  of  “precipitated 
sulphur,”  with  a drop  of  the  sujiernatant  liquid,  on  a strip 
of  glass,  place  a cover-glass  upon  each,  and  examine  the 
precipitates  under  a microscope ; the  pure  suljihur  will  be 
found  to  consist  of  minute  grains  or  globules,  the  calcareous 
precipitate  to  contain  comparatively  large  crystals  (hydrous 
calcium  sulphate). 

Xolc. — Some  of  the  precij)itated  sulphur  met  with  in 
trade  in  England,  is  still  thus  mixed  with  calcium  sulphate, 
most  of  such  specimens  containing  two-thirds  of  their  weight 
of  the  latter  substance.  Formerly,  purchasers  were  so 
accustomed  to  the  satiny  appearance  of  the  mixed  article 
as  to  regard  real  sulphur  with  suspicion,  sometimes  refusing 
to  purchase  it.  The  mixed  article  is,  certainly,  somewhat 
more  easily  miscible  with  acpieous  liquids. 

'J'he  calcareous  precipitated  sulphur  yields  a white  ash 
(anhydrous  calcium  suljihate)  when  a little  is  burnt  off  on 
the  end  of  a table-knife  or  spatula  or  in  a porcelain  crucible. 
To  ascertain,  exactly,  the  amount  of  the  sulphate,  place 
a weighed  cpiantity  in  a tared  jxJi'^elain  crucible,  and  heat 
till  no  more  vapours  are  evolved.  I'he  weight  of  the  residual 
anhydrous  calcium  sulphate  (CaSO^  = 135‘U5),  multiplied  by 
1'265,  is  the  amount  of  hydrous  calcium  sulphate  (CaSO^, 
2H20  = 170'8)  present  in  the  original  quantity  of  calcareous 
sul])hur. 

Hi/drogai  Sulphide,  Ui/drosulplmric  Acid,  or  SulphurcUcd 
Ilijdrogcu.  — The  })reparation  of  hydrogen  sulphide  was 
described  on  j).  102. 

Ui/droxu/phidcx. — Besides  ammonium  hydrosulj)hide,  which 
has  already  been  referred  to  on  p.  102,  solutions  of  sulj)hides 
and  of  other  hydrosulphides  may  be  obtained  by  the  inter- 
action of  hydrogen  sulphide  witli  solutions  of  hydroxides. 
Sodium  and  potassium  sulj)hides  and  hydrosulplhdes,  Na.,.S 
and  K.^S,  and  NaSH  and  KSH,  are  the  most  important  of 
these  substances  : 

2KOII  + 1I.,S=  K,,S  + 2II„()  ; 

NaOH  + I l“.S  = NaSH  + Fip. 

lake  ammonium  liydrosulpliide,  they  act  .as  solvents  for  the 
arsenium,  antimony,  and  stannic  sulj)hides,  forming  with 
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them  thio-salts.  T.hey  all  dissolve  siiljihur^  producing  yellow 
solutions. 

Analytical  Reactions  of  Sulphides  and  Jlydrosulphides. 

To  a sulphide  or  hydrosulphide  add  a feM'  drops  of  hydro- 
chloric acid ; hydrogen  sulphide  will  probably  be  evolved, 
recognisable  by  its  odour.  If  the  sulphide  is  not  acted  upon 
by  the  acid,  or  if  free  sulphur  be  under  examination,  mix 
a minute  portion  with  a Iragment  of  solid  caustic  potash  or 
soda,  and  fuse  in  a silver  capsule  (or  old  spoon).  When 
cold,  place  a drop  of  dilute  hydrochloric  acid  on  the  fused 
mass ; hydrogen  sul2)hidc  is  evolved,  and  a black  stain,  due 
to  silver  sul])hidc,  Ag.,S,  is  left  on  the  silver. 

The  most  convenient  reagent  for  detecting  a sulphide  in 
solution  of  ammonia  is  coj)])cr  ammoiiio-suljihatc,  which  gives 
a black  j)rccipitate  of  cupric  sul[)hidc  if  a sulphide  be  ])resent. 

Sulphur  Iodide,  S^l^  {Sulphuris  Jodidum,  B.T.),  has  already 
been  mentioned  under  Iodine.  A chloride,  S^Cl.,,  and  bromide, 
SjjBr^,  may  also  be  formed  from  the  elements.  A mixture  of 
sul])hur  and  sul2)hur  chloride  is  sometimes  met  with  under  the 
name  of  sulphur  hypochloride. 


QUESTIONS  AND  EXERCISES 

In  wliat  forms  does  sulphur  occur  in  nature? — State  the  modes  of 
preparation  of  the  three  chief  commercial  varieties  of  sulphur.- — In  what 
resjiect  does  the  atom  of  sidphur  vary  in  quantivalence  ? — Describe  the 
preparation  of  hydrogen  sulphide.  What  are  the  characters  of  pure 
precipitated  sulphur? — Give  equations  explanatory  of  the  reactions 
which  occur  in  reparing  precipitated  sulphur. — Describe  the  micro- 
scopic test  for  calcareous  precipitated  sulphur. — Mention  a method  of 
detecting  calcium  sulphate  in  precipitated  sulphur. — Mention  the  tests 
for  sulphides,  and  the  character  by  which  hydrogen  sulphide  is  dis- 
tinguished from  other  sulphides.  — How  are  sulphides  insoluble  in 
acids  tested  for  sulphur  ? — How  would  you  detect  a trace  of  sulphide 
in  ammonia  solutions  ? 


SULPHUROUS  ACID  [HgSOJ,  and  other  Sulphites 

When  sulj)hur  is  burnt  in  the  air,  it  combines  with  oxygen 
and  forms  sulj)luirous  Jinhydride,  .SO^,  occasionally,  but  errone- 
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ously,  called  sulphurous  acitl.  It  is  a j)ungent,  colourless  gas, 
readily  liquefied  on  being  passed  through  a tube  cooled  by  a 
freezing-mixture  composed  of  two  parts  of  well-powdered  ice 
(or  of  snow)  with  one  part  of  common  salt.  If  suli^hurous 
anhydride  is  passed  into  water,  heat  is  evolved  and  some 
sulphurous  acid  [HgSOg],  is  apparently  formed  in  solution. 

Hydrous  sulphurous  acid  may  be  obtained  in  crystals  by 
freezing  a concentrated  acjueous  solution,  but  it  is  very  un- 
stable. 

Quanliva/eiice. — The  acid  radical  of  the  sulphites  is  bivalent 
(SO3").  Acid  sulphites,  such  as  acid  potassium  sulphite, 
KHSO3,  and  normal  sulphites,  such  as  sodium  sulphite, 
Na.,S03,  are  known. 

Xote. — The  sulphites  are  so  named  in  accordance  with  the 
usual  rule  that  salts  corresponding  witli  acids  whose  names 
end  in  ons  have  a name  ending  in  ite. 

Experiment. — To  a few  drojjs  of  sulphuric  acid  in  a test- 
tube  add  a j)iece  of  charcoal  and  a^iply  heat ; sulphurous 
anhydride  (mixed  with  carbonic  anhydride)  is  evolved,  and 
may  be  conveyed  tlirough  a bent  tube  into  a small  c[uantity 
of  cold  water  in  another  test-tube.  Larger  quantities  of  the 
gas  may  be  made  in  a flask.  The  product  is  Acidum  Sulphur- 
usinn,  IkP.  It  contains,  if  fairly  saturated,  about  5 per  cent, 
of  sulphurous  anhydride,  corresponding  to  about  (6’-l) 
per  cent,  of  sulphurous  acid. 

2H3SO,  + C = CO3  + 2HT)  2S()„ 

Sulphuric  Carbon  Carbonic  Water  Suli)lmrous 

aci«l  anliydritic  anliytlridc 

Sulphurous  anhydride  may  also  be  made  by  heating  co2)per, 
mercury,  or  iron  with  conccnti-ated  sulphuric  acid,  a metallic 
sulphate  lieing  formed.  Also  by  heating  sulphur  with 
sulphuric  acid. 


Sulphites  arc  generally  made  by  passing  sulphurous  anliy- 
diide  into  solutions  ol  hydroxides  or  carbonates,  or  into  water 
containing  such  substances  in  suspension.  In  the  case  of 
carbonates,  carbonic  aidiydride  c.scapes.  The  formula  of 
Sodium  Sulphite  {Sodii  Su/phis',  H.P.)  is  Na.3S()3,7 1 L()  ; it 
occuis  in  colourless  efflorescent  prisms,  soluWe  in  water  or 
<i  cohol.  As  “ antichlar”  it  was  formerly  used  for  removing 


328 


THE  ACID  EADICALS 


traces  of  chlorine  from  paper  pul})  (sodium  thiosulphate  is 
noAv  employed).  The  formula  of  Sodium  Bisulphite  (^Sodii 
Bisulphls,  U.S.P.)  is  NaHSOg.  The  so-called  Bis~idphite  of 
Lime,  used  by  brewers  for  retarding  or  arresting  fermentation 
and  o-xidation,  and  employed  for  various  antiseptic  purposes, 
is  made  by  ]>assing  suli)hurous  anhydride,  SO.,,  into  thin  milk 
of  lime.  Its  .s])eci(ic  gravity  varies  from  1'050  to  1 '070,  and 
it  corresponds  to  from  4 to  6 per  cent,  of  sulphurous  anhy- 
dride. 'I'he  so-called  mela-bisuiphitcs  of  potassium  and  sodium, 
used  in  j)hotography,  are  really  anhydrosul})hites,  KgSgOg  and 
Na.,S„Or,.  Thej'  may  be  obtained  by  passing  sulphurous 
aidiydride  into  hot  saturated  solutions  of  ))otassium  and 
sodium  carbonates,  rcs])ectively.  Sulphurous  anhydride  is 
very  soluble  in  alcohol. 

Aiiah/lical  Reaclionn  of  Sulphites. 

1.  To  a snlj)hite  (sodium  sulphite,  for  instance,  — made 
by  j)assing  sulphurous  anhydride  into  solution  of  sodium  car- 
bonate) add  a drop  or  two  of  dilute  hydrochloric  acid  ; a 
peculiarly  ])ungent  odour  is  ])roduced  (sulphurous  acid). 

'I’his  odour  is  the  same  as  that  evolved  on  burning  sulphur. 
It  is  due,  jn’obably  not  to  sulphurous  anhydride,  SOg,  but  to 
sulj)hurous  acid,  H„S(),,,  formed  by  the  union  of  the  sulphur- 
ous anhydride  with  either  the  moi.sture  of  the  air  or  that  on 
the  surface  of  the  mucous  membrane  of  the  nose.  The  gas 
is  highly  suffocating. 

2.  To  a sulphite  add  a little  water,  a fragment  or  two  of 
zinc,  and  then  hydrochloric  acid ; h}^drogen  sulphide  is 
evolved,  recognisable  by  its  odour  and  by  its  action  on  a 
piece  of  j)aper  placed  like  a cap  on  the  mouth  of  the  test-tube 
and  moistened  with  a drop  of  solution  of  lead  acetate  (a 
black  stain  of  lead  sulphide  being  formed).  The  presence  of 
sulphurous  acid  in  acetic  acid  or  in  hydrochloric  acid  may  be 
detected  by  means  of  this  test : — H.,S()g  -f  GH  = HgS  -f  3H.,0. 

Other  Ueaetions. 

'I’o  se))arate  portions  of  a solution  of  a normal  suli)hite 
add  barium  nitrate  or  chloride,  calcium  chloride,  and  silver 
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nitrate  ; in  each  case  a white  precipitate  of  a metallic  sulphite 
results.  The  barium  sulphite  is  soluble  in  dilute  hydrochloric 
acid  ; but  if  a droj^  or  two  of  chlorine  water  is  first  added, 
barium  sulphate  is  formed,  which  is  insoluble.  The  other 
precipitates  are  also  soluble  in  dilute  acids.  Silver  sulphite 
is  decomposed  on  boiling,  sulphuric  acid  being  formed,  and 
metallic  silver  set  free,  the  precipitate  darkening  in  colour. 

To  recognise  the  three  radicals  in  an  aqueous  solution  of 
sulphides,  sulphites,  and  sulphates,  add  barium  chloride, 
filter,  and  wash  the  precipitate.  In  the  filtrate,  sulphides 
are  detected  by  the  evolution  of  hydrogen  sulphide  on  the 
addition  of  an  acid.  In  the  precipitate,  sulphites  are  detected 
by  observing  the  odour  of  sul])hurous  acid  produced  on  adding 
hydrochloric  acid,  and  sulphates  are  detected  by  the  insolu- 
bility of  barium  sulphate  in  the  acid. 


QUESTIONS  AND  EXERCISES 

What  are  the  differences  between  sulphurous  acid  and  sulphurous 
anhydride,  sulphites  and  acid  sulphites? — State  the  characters  of 
sulphurous  anhydride. — How  is  the  official  sidphurous  acid  prepared  ? 
— By  what  tests  may  sulphurous  acid  be  recognised  in  acetic  acid? 
—Give  a method  by  which  sulphites  may  be  detected  in  presence  of 
sulphides  and  sulphates. 


SULPHURIC  ACID,  H,SO„  and  other  Sulphates 

•Many  sulphates  occur  in  nature.  The  most  important  of 
these  are  heavy  .spar,  barium  sulphate,  IlaSO, ; gyp.sum, 
calcium  sulpliatc,  CaSOj,  2II.,() ; and  I'.p.suiii  .sail,  magnesium 
sulphate,  MgSO.„  7EL(). 

I'reparalion  oj  Sulphuric  Jcid. — Sulphur  itself,  or  mori' 
usually  the  sulphur  in  iroJi  jiyritcs,  is  first  converted  into 
sulphurous  atdiydridc  by  burning  in  air,  and  this  gas,  by  oxi- 
dation in  ])rcsencc  of  moisture,  is  then  converted  into  sulj)liuric 
acid:  SO^  + 11^0  4- ()  = lI^SOj.  The  oxygen  necessary  to 

oxidize  the  sulphurous  anhydride  may  be  obtained  directly 
from  the  atmosj)hcre,  but  the  ])rocess  is  a verv  slow  one. 
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The  transference  of  oxygen  to  the  sulphurous  anhydride,  in 
presence  of  moisture,  to  form  suljihuric  acid,  is  greatly 
hastened  in  jn-actice  by  the  use  of  nitric  oxide.  This  gas, 
when  mixed  with  air,  takes  up  oxygen  to  form  nitrogen  per- 
oxide, NOo,  which,  in  turn,  is  easily  reduced  again  to  nitric 
oxide  by  parting  with  half  its  oxygen  to  the  moist  sulphurous 
aidiydride.  Tlie  nitric  oxide  so  liberated  reunites  with  oxy- 
gen, again  forming  nitrogen  peroxide  which  again  undergoes 
similar  reduction  to  nitric  oxide,  so  that  the  process  becomes 
virtually  a continuous  one,  a small  proportion  of  nitric  oxide 
sufiicing  to  convert  relatively  large  quantities  of  sulphurous 
anhydride,  oxygen,  and  water  into  sulphuric  acid. 

'I'lie  nitric  oxide  is  in  the  first  instance  obtained  from 
nitric  acid,  and  this  from  sodium  nitrate  by  the  action  of  a 
small  (]uantity  of  sulphuric  acid. 

The  following  equations  represent  the  chief  stejos  : — 

NaN  ( ).,  + H„S()  j = Na  1 ISO.J  + H NOg, 

2M„()  + + 211  NOg  = 3H.,SO.i  + 2NO, 

2N0  + 0„  = 2N0," 

HgO  + SOg  + N C).g  = l-IgSb,j  + N O 

(Inantivaknce. — The  sulphuric  radical  is  bivalent  (S()^"), 
and  acid  as  well  as  normal  sul]ihates  are  known.  Acid 
potassium  sulphate,  KHSO,,,  is  an  illustration  of  the  former, 
sodium  sulphate,  Na^SO,,,  of  the  latter. 

Maiiiifadure  of  Sulphuric  Acid. 

Chamber  Process. — On  the  large  scale,  sulphurous  an- 
hydride together  with  nitric  acid  vapour  is  carried  by  means 
of  Hues  into  large  leaden  chambers,  where  jets  of  steam 
supjily  the  necessary  moisture,*  and  into  which  air  is  also 
passed.  The  resulting  dilute  sulphuric  acid,  which  collects 

* In  the  absence  of  a sufficient  supply  of  water  vapour,  a white 

Oil 

crystalline  substance,  yiitro-sulphomc  acid,  SO.,  < 

duced  (sometimes  called  “chamber  crystals”).  The  manufacturer  of 
sulphuric  acid  takes  steps  to  ensure  the  presence  of  so  much  water 
vapour  that  these  crystals  are  never  formed.  Tlie  following  equations 
represent  the  formation  of  nitro-sulphonic  acid,  .and  its  decomposition 
by  water:— 

2SO.^  -I-  3NO.^  ( ILO  = 2SO.,  <^{j^  + NO, 

2SO.,< -I-  H,0  = 2H.,SO,  + NO.,  I- NO 
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oil  the  Hour  of  the  chambers,  is  drawn  otfj  and  is  concentrated 
by  evaporation  in  leaden,  and  finally  in  glass  or  j)latimim, 
vessels. 

Coiilacl  Process. — Sulphuric  acid  is  now  made  in  some 
places  on  the  manufacturing  scale  by  aid  of  the  recently 
perfected  “ contact  ” jirocess.  In  this  process  suljihurous  an- 
hydride, SO.,,  combines  directly  with  oxygen  to  form 
sulphuric  anhydride,  SO3,  when  mixed  with  oxygen  and 
passed  through  tubes  in  which  the  mixture  is  exposed  to  a 
large  surface  of  finely  divided  metallic  platinum  in  the  form 
of  platinized  asbestos,  d’he  sulphurous  anhydride  is  obtained 
by  roasting  iron  pyrites  and  must  be  purified  in  a most 
thorough  manner  from  the  last  traces  of  volatile  arsenium 
compounds  and  from  some  other  volatile  compounds  present 
as  impurities  derived  from  the  pyrites ; but  it  remains  mixed 
with  considerable  ejuantitics  of  oxygen  and  nitrogen  from 
the  air  drawn  into  the  furnaces  in  which  the  pyrites  is 
roasted.  The  cooled  mixture  of  gases  is  then  brought  as 
thoroughly  as  possible  into  contact  with  platinized  asbestos 
placed  in  trays  in  upright  iron  pipes.  To  begin  with,  these 
pipes  are  heated  in  order  to  start  the  combination  ; but  they 
are  afterwards  exposed  to  the  cooling  influence  of  the 
external  air,  tlie  heat  given  out  by  the  occurrence  of  the 
reaction  being  more  than  sufficient  to  maintain  the  tempera- 
ture at  the  point  at  which  the  maximum  yield  of  sulphuric 
anhydride  is  obtained. 

The  sulphuric  anhydride  produced  by  the  reaction  is 
passed  into  previously  prcjiarcd  US  per  cent,  sulphuric  acid 
in  which  it  is  rapidly  absorbed  with  formation  of  pyro- 
sulphuric  acid,  ; and  the  latter  is  then  mixed  with 

the  ((uantity  of  water  necessary  to  reduce  it  again  to  the 
condition  of  U8  per  cent,  sulphuric  acid  or  to  sulpluiric  acid 
of  any  reciuired  concentration  : — 

ll  ,.S(),,-f  S().,=  1I  ,S.,0-  ; 

ii_'st)7  + hJo  = 2'iCs(),, 

I’erric  oxide  may  be  used  as  the  contact  substance 
instead  of  [ilatinized  asbestos. 

Other  proves.'U’s. — Sulphuric  acid  may  be  olitaincd  by  other 
piocesses,  as  by  distilling  the  ferrous  sulphate  resulfing  from 
the  natural  oxidation  of  iron  pyrites  liy  air;  but  it  is  not  so 
made  at  the  present  day.  I’crrous  sulphate  was  formerly 
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called  green  vitriol,  and  the  distilled  product  was  called  oil  of 
vitriol  in  allusion  to  its  consistence  and  origin. 

Purification. — Commercial  sulphuidc  acid^  prepared  by  the 
chamber  ju'ocess,  may  contain  arsenium  compounds,  nitrous 
com])ounds,  and  salts  (lead  sulphate,  etc.).  Arsenium  may 
be  detected  by  the  h)'drogen  test  (p.  197),  or  the  stannous 
chloride  test  (p.  201),  nitrous  compounds  by  means  of 
iu)wdcred  ferrous  sulphate  (which  accjuires  a violet  tint  if 
they  are  present),  and  salts  by  observing  the  residue  left  on 
boiling  some  of  the  acid  to  dryness  in  a crucible  in  a fume- 
cu])board.  if  only  nitrous  comj)ounds  are  present,  the  acid 
may  be  j)urified  by  heating  with  about  one-half  ]>er  cent, 
of  ammonium  sulphate — water  and  nitrogen  being  jiroduced 
(Pelou/e).  If  arsenium  compounds  be  present,  heat  with  a 
small  cpiantity  of  nitric  acid  (or  sodium  nitrate),  which 
converts  arsenious  anhydride,  As.^(),.,  into  arsenic  anhydride, 
As^Oj,  then  add  ammonium  sulphate,  and  distil,  on  a sand 
bath,  in  a retort  containing  a few  small  pieces  of  (juartz,  or 
of  j)latinum  wire  or  foil  (to  j)revent  “ bumping  ” — see  p. 
301).  'I'he  arsenic  anhydride  remains  in  the  retort  (arsenious 
anhydride  woidd  be  carried  over  with  the  sulphuric  acid 
vapours).  'I’he  distillation  frees  the  acid  from  other 
salts  (such  as  NallSO,,  and  PbSO.,)  which  are  not  volatile. 
Lead  may  be  detected  by  adding  to  the  concentrated  acid  a 
few  droj)s  of  hydrochloric  acid,  or  a crystal  of  sodium 
chloride ; the  lead  chloride  2)reci])itatcd  gives  a peculiar 
j)early  opalescence  to  the  liquid. 

Pure  sulphuric  acid,  H^SO^,  has  s|).  gr.  L848.  The  best 
“oil  of  vitriol”  of  commerce,  a colourless  liquid  of  oily 
consistence,  has  sp.  gr.  1'843,  and  contains  about  98  jier  cent, 
of  hydrogen  sulphate.  The  latter  is  Aciclum  Sulphuricum,  B.P. 
Acidum  Sulphiaicunt  Dilution,  B.P.  (sp.  gr.  1‘094)  contains  about 
13^  (13'65)  per  cent,  of  hydrogen  sulphate.  Acidum  Sulphuri- 
cwm  Aroniaticum,  B.P.  an  acid  diluted  with  alcohol  and  mixed 
with  tincture  of  ginger  and  spirit  of  cinnamon,  also  contains 
about  13  j^er  cent,  of  hydrogen  sulphate.  Aromatic  sulj)huric 
acid  may  contain  sulphovinic  acid  in  varying  (juantity, 
dependent  upon  the  internal  and  external  temperature  during 
and  subse([uent  to  j)rei)aration,  the  age  of  the  samj)le,  etc. 
'Phere  are  some  definite  compounds  of  sulj)huric  acid  with 
water;  oiie  of  these  (H^SO,,  lf,0)  may  be  obtained  in 
crystals. 
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Sulphuric  anhydride^  SO3,  occurs  in  white  crystals  which 
interact  with  water  with  great  violence,  and  produce 
sulphuric  acid.  As  well  as  by  the  direct  union  of  suljduirous 
anhydride  and  oxygen,  it  may  be  made  by  distilling  sulphuric 
acid  with  phosphoric  anhydride:  H.,SO^  + P.jO^  = 2HPO3 + 
SO3.  It  unites  with  sulphuric  acid  to  form  “finning 
suljihuric  acid  ” or  pyroxulphuric  acid,  H.,S„0-,  formerly  made 
at  Nordhausen,  in  Saxony,  by  distilling  partially  dried  and 
oxidized  ferrous  sulphate. 

Xote. — Sulphuric  acid  is  a most  valuable  compound  to  all 
chemists  and  manufacturers  of  chemical  substances.  By  its 
agency,  direct  or  indirect,  a very  large  number  of  chemical 
transformations  are  effected. 

Analytical  Reactions  of  Sulphates. 

1.  To  a solution  of  a suljihate  add  solution  of  a barium 
salt ; a white  precipitate  of  barium  sulphate,  BaSO,,  is 
produced.  Add  nitric  acid  and  boil  ; the  precipitate  does 
not  dissolve. 

This  reaction  is  as  highly  characteristic  of  sulphates  as  it 
has  been  stated  to  he  of  barium  salts  (.see  j).  114).  The 
only  error  likely  to  he  made  in  its  application  is  that  of  over- 
looking the  fact  that  barium  nitrate  and  chloride  are  less 
soluble  in  concentrated  nitric  (or  hydrochloric)  acid  than  in 
water.  On  adding  the  barium  salt  to  an  acid  liquid,  there- 
fore, a white  preeijsitate  may  he  obtained,  which  is  simply 
barium  nitrate  (or  chloride).  'I’he  apjsearance  of  such  a 
precipitate  differs  considerably  from  that  of  the  barium 
sulphate,  hut  should  any  doubt  exist,  water  ma}'  be  added, 
which  will  dissolve  the  nitrate  or  chloride,  but  will  not 
affect  the  sulphate. 

2.  Mix  a fragment  of  an  in.soluble  sulphate  (c.g.  BaSO  J 
with  potassium  or  sodium  carbonate,  or,  better,  with  a 
mixture  of  both  carbonates,  and  fuse  in  a small  crucible. 
I^igest  the  residue,  when  cold,  in  water,  and  filter;  the 
filtrate  may  be  tested  for  the  suli)huric  radical. 

I his  is  a convenient  method  of  qualitatively  analysing 
insoluble  siiljibates,  such  as  those  of  barium  and  lead. 


THE  ACID  KADTCALS 


3;i4 

3.  Mix  a fragment  of  an  insoluble  siili)hate  with  sodium 
carbonate  on  a piece  of  charcoal,  taking  care  that  some  of 
the  cliarcoal  dust  is  included  in  the  mixture.  Heat  the 
mixture  in  the  blowpipe-flame  until  it  fuses,  and,  when  cold, 
add  a droj)  of  acid ; hydrogen  sulphide  is  evolved,  recognis- 
able by  its  odour. 

This  is  another  process  for  the  recognition  of  insoluble 
.sulj)hates.  Other  pi’ej)arations  of  sulphur,  and  suljihur  itself, 
give  a similar  result.  It  is  therefore  rather  a test  for  sulphur 
and  its  compounds  than  for  sulphates  only. 

Anlidotcx. — In  cases  of  jioisoning  by  sulphuric  acid,  solu- 
tion of  sodium  carbonate  (common  washing  soda),  magnesia 
!ind  w.ater,  etc.,  may  be  administered  as  antidotes. 

Tiiiosui.enuiuc  Acid,  IHS^O,j,  and  otiikii  Thiosulphates 

'I'lie  only  thiosuljihate  of  much  interest  in  pharmacy  is 
the  sodium  salt,  Na^S^Og,  511^0  (Sodium  Thiosuljihate,  13. P.). 
It  was  formerly  known  as  sodium  hyposulphile,  and  is  used  in 
photogra])hy  under  the  name  of  “hypo.”  (True  hypo- 
sulphites are  now  known,  e.g.,  Na„SgO^.) 

'Phiosulphates  may  be  regarded  as  suljihates  in  which 
one-fourth  of  the  oxygen  lias  been  replaced  by  sulphur. 
'I'liiosulphuric  acid  has  not  been  isolated. 

Pirparalion  of  sodium  llnosulphaUi. — Heat  together  gently, 
or  set  a.side  in  a warm  place,  a mixture  of  .solution  of  sodium 
sulphite  (Na.,SOg)  and  a little  powdered  suljihur;  combina- 
tion slowly  takes  ]>lace,  and  sodium  thiosulphate  is  formed. 
The  solution,  filtered  from  excess  of  suljihur,  readily  yields 
crystals.  (The  solution  of  sodium  suljihite  may  be  made  by 
saturating  solution  of  sodium  hydroxide  with  suljihurous 
anhydride.)  Sodium  thiosulphate  is  obtained  on  the  manu- 
facturing scale  by  the  interaction  of  sodium  sul])hate  with 
the  calcium  thiosulphate  formed  by  the  action  of  atmosjiheric 
oxygen  and  carbonic  anhydride  on  the  waste  calcium  sulphide 
from  the  Leblanc  soda  jirocess. 

Use  of  sodium  ihiosulphnle  in  qnnnlilativc  analysis. — In  the 
British  Pharmacopoeia,  sodium  thiosuljihate  is  given  as  a 
reagent  for  the  quantitative  determination  of  free  iodine  in 
volumetric  analysis.  To  a few  drops  of  iodine  solution  add 
cold  starch  mucilage;  a deep-blue  colour  (starch  iodide),  is 
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produced.  To  the  product  udd  solution  of  sodium  tliio- 
sulphate  until  the  blue  colour  just  disappears.  This  reaction 
is  sufficiently  definite  and  delicate  to  admit  of  application  for 
(juantitative  purposes.  It  de])ends  on  the  combination  of 
iodine  with  half  of  the  sodium  of  the  thiosul])hate  to  form 
sodium  iodide,  while  sodium  tetrathionate,  Na^S^O,,  (from 
rirpa,  tetra,  four,  and  Oelov,  thciou,  sulphur),  is  formed  at  the 
same  time. 

2Na.,SP3  + I.  = 2Nal  + Na.S^O,. 

Use  of  “ Hijpo”  in  Fholographij. — Sodium  thiosulphate  is 
largely  used  in  photography  to  dissolve  silver  chloride, 
bromide,  or  iodide  off  plates  which  have  been  exposed  in  the 
camera  and  developed.  Prepare  a little  silver  chloride  by 
adding  a chloride  (sodium  chloride)  to  a few  drops  of  solution 
of  silver  nitrate.  Collect  the  precipitated  chloride  on  a filter, 
wash,  and  add  a few  drops  of  solution  of  sodium  thiosulj)hate  ; 
the  silver  salt  dissolves,  solution  of  sodium  silver  thiosulphate 
being  formed.  The  solution  of  this  thiosulphate  has  a re- 
markably sweet  taste,  sweeter  than  syruj)  if  the  solution  is 
concentrated.  Sodium  gold  thiosulphate  has  been  employed 
for  giving  a pleasant  tint  to  photographic  prints. 

Tesl. — To  solution  of  a thiosulphate  add  a few  drojis  of 
dilute  sulphuric  or  other  acid  and  smell  the  mixture  ; thio- 
sulphuric  acid  is  set  fiate,  but  at  once  begins  to  decompose 
into  sulphurous  anhydride,  recognisable  by  its  odour,  free 
sulphur,  and  water  (Il.^S^Oy  = SO^ -t- S + 11., O).  Another  test 
for  a thiosul])hate  in  solution  is  its  ])ower  of  dissolving  silver 
chloride  with  production  of  a more  or  less  sweet  licpiid. 

PErisuu'iiuiuc  Acm,  and  otiieii  Peusuumiates 

Persulj)huric  anhydride,  was  obtained  by  llcrthelot 

in  1887.  It  yields  a solution  in  water  which  probably  con- 
tains some  persul])huric  .acid  but  soon  decomposes  giving 
oxygen  and  sulphuric  acid. 

Salts  of  j)ersulphuric  acid  were  first  prepared  by  II.  Mar- 
shall in  1801,  ])otassium  persulphate,  K.,.S„()j.,  and  .ammonium 
persuljdiate,  (N  H_,)3S2C)3,  being  obtained  by  the  electrolysis 
of  satur.atcd  solutions  of  potassium  sulphate  and  (jf  ammonium 
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sulpliatCj  respectively,  in  dilute  sulphuric  acid.  Barium 
persul))hate  can  be  jn-e])ared  by  the  interaction  of  barium 
hydroxide  with  a saturated  solution  of  ammonium  persulphate 
and  evajjoration  of  the  solution  in  vdcnu. 

I'he  persul])hates  are  of  some  industrial  importance  as 
bleaching  and  general  oxidizing  agents,  and  in  the  latter 
ca])acity  they  serve  a number  of  purposes  in  chemical 
analysis.  Their  solutions  dissolve  various  metals,  such  as 
zinc,  magnesium,  aluminium,  copper,  etc.,  without  the  evolu- 
tion of  any  ga.s,  sulphates  being  fonned  ; Zn -|- K.,S.,Og  = 
ZnSO,  + K2SO,.  Potassium  persulphate  was  put  upon  the 
market  .some  time  ago,  under  the  name  “anthion,”  as  a 
hypo-eliminator  in  ])hotography,  a pur])ose  for  which  it  is, 
however,  quite  unsuitable.  It  is  sjjaringly  soluble  in  water. 
Ammonium  j)ersulj)hate  has  also  found  useful  application  in 
photography  as  a “ reducer.”  Sodium  persulphate  is  obtained 
by  the  action  of  sodium  hydroxide  on  ammonium  persulphate, 
or  by  the  electrolysis  of  a saturated  solution  of  acid  sodium 
sul])hate;  under  the  name  “per.sodine”  an  aqueous  solution 
of  the  salt  lias  been  introduced  into  medicine  as  an  aperitive 
and  eujiejitic. 

Analijlical  Ilcuction.s  of  Pcrxiilphates. — In  presence  of 
moi.sture  persulphates  gradually  decompose  with  formation 
of  sulphate  and  evolution  of  oxygen,  2K2S.,Og  4- 2HqO  = 
4KHSO, -t- O., ; consequently  most  solutions,  unless  freshly 
prejiared  from  pure  persulphate,  give  a white  precipitate  on 
tlie  addition  of  barium  nitrate  ; pure  solutions  give  a precipi- 
tate of  sulphate  slowly,  on  boiling. Hydrochloric  acid  is 

decomjiosed,  slowly  in  the  cold  but  rajiidly  on  warming,  with 

evolution  of  chlorine,  K.,S20g -|- 2HC1  = 2KHSO^ -t  Cl^. 

Potassium  iodide  is  similarly  decomposed,  with  liberation  of 

iodine. Sulphuric  acid,  on  warming,  causes  decomposition 

with  evolution  of  oxygen  and  ozone. Ferrous  sulphate  is 

converted  into  ferric  sulphate,  the  solution  becoming  dark 
reddish  brown  when  hot.  KgS^Og -f- 2FeSO,  = K.^SO^ + 

Fe.,(SO^).j.- ^In  solutions  which  are  not  too  acid,  silver 

nitrate  ]>roduces  a more  or  less  marked  black  ])recij)itate  of 
the  silver  salt  (AgHSOr,)  of  another  sulphur  acid  (Caro’s  acid, 
monoj)ersul])huric  acid,  HgSO^,).  The  precipitate  increases 
in  quantity  if  the  sulphuric  acid  liberated  during  its  forma- 
tion is  neutralized  by  means  of  potassium  hydroxide. 

Sulphur  O.ryacidx. — 'I’he  formulae  of  the  oxyacids  of  suli)hur 
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afford  a series  that  is  as  useful  as  tlie  series  of  com{H)unds  of 
nitrogen  and  oxygen  in  illustrating  Dalton’s  law  of  multiple 
proportions. 

Sulphurous  Acid . . H^SOg  Dithionic  Acid  . . 

Sulphuric  Acid  . . H^SO^  Trithionic  Acid  . . fDS.jO,; 

Thiosuliihuric  Acid  . H.,S.,03  Tetrathionic  Acid  H 

Hyposulphurous  Acid  H.,S.,C)4  Pentathionic  Acid  . 

Persulphuric  Acid,  II.,SoOy 
Monopersulphuric  Acid,  H.,SO-. 


QUESTIONS  AND  EXERCISES 

State  the  formula  and  molecular  weight  of  sul])huric  acid. — How 
is  it  related  to  other  sul])hatcs  ? — Write  a short  article  on  the  manu- 
facture of  sulphuric  acid,  giving  equations. — How  may  nitrous 
compounds  be  detected  in,  and  eliminated  from,  sul])huric  acid? — 
State  the  method  for  detecting  arsenium  in  sulphuric  acid,  and  explain 
the  process  by  which  it  may  be  removed. — Define  sulphates,  acid 
sulphates,  and  double  sulphates. — What  percentage  of  hydrogen 
sulphate  is  contained  in  oil  of  vitriol? — By  what  process  is  sulphuric 
anhydride  obtained  from  ordinary  sulphuric  acid  ? — Explain  the 
reactions  which  occur  in  testing  for  sxdphates. — Calculate  the  weight 
of  sulphuric  acid,  of  96 ‘8  per  cent,  necessary  for  the  production  of  one 
ton  of  dry  ammonium  sulphate.  Ann.,  1718  lbs. — Name  the  antidotes 
in  cases  of  poisoning  Ijy  sulphuric  acid.  —Illustrate  by  an  equation  the 
preparation  of  sodium  thiosulphate. — Mention  the  characteristic 
reactions  of  sodium  thiosulphate. — Give  the  names  and  formulae  of 
ten  acids,  each  containing  hydrogen,  sulphur,  and  oxygen. 


CARBONIC  ACID  [HXO.,],  and  other  Carbonates 

Occitirciice  and  varieiie.i  of  Carhon. — Carbon  is  a constitutent 
of  all  living  organisms,  and  the  blackening  which  is  observed 
when  plant  or  animal  tissues  and  tlie  majority  of  the  many 
products  obtained  from  such  tissues  are  sufficiently  strongly 
heated,  is  due  to  the  separation  of  carbon  in  a more  or  less 
pure  form.  Coke,  charcoal,  soot,  lamp-black,  etc.,  consist  of 
amorphous  carbon  mixed  with  varying  (pi.anlities  of  mineral 
or  other  imj)urities  derived  from  the  materials  from  which 
these  substances  have  been  formed.  When  coal  or  wood  is 
subjected  to  dry  di.stillation  (.vcc  p.  140)  in  iron  retorts  for  the 
preparation  of  coal-gas,  coke,  charcoal,  etc.,  w.atcr  and  other 
Volatile  ])roducts  (including  marsh  gas,  carbonic  aidiydridcq 
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and  carbonic  oxide,  all  of  which  contain  carbon)  are  given  oft' 
in  considerable  quantity  while  the  greater  proportion  of  the 
carbon  of  the  coal  or  wood  remains  in  the  retorts. 

lioiie-hlacic,  or  Anmal  Charcoal,  is  the  residue  obtained 
on  subjecting  dried  bones  to  a red  heat  without  access  of  air. 
It  is  a mixture  of  about  9 parts  of  mineral  with  1 of  carbon- 
aceous matter.  The  operation  may  be  carried  out  on  a small 
scale  by  heating  a few  fragments  of  bone  in  a covered 
j)orcclain  crucible  in  a fume-cujiboard  until  smoke  and  vapour 
are  no  longer  evolved.  The  mineral  matter  may  be  removed 
and  purified  animal  charcoal  obtained  as  follows  : — Boil 
powdered  animal  charcoal  with  a mixture  of  four  times  its 
weight  of  hydrochloric  acid  which  has  been  diluted  with  its 
own  weight  of  water  ; filter;  again  boil  the  drained  re.sidue 
with  half  as  much  of  the  diluted  acid  as  was  previously  em- 
ployed ; again  filter  ; wash  the  residual  charcoal  with  distilled 
water  until  the  washings  give  little  or  no  turbiditj'  with 
solution  of  silver  nitrate  ; dry  the  })roduct  in  a warm  place. 
It  should  not  yield  more  than  10  per  cent,  of  moi.sture  when 
dried  at  a high  tcm])erature,  nor  more  than  15  per  cent,  of 
ash  when  thoroughly  incinerated.  Thirty  grains  well  shaken 
with  15  ounces  of  distilled  water  containing  0'005  per  cent, 
of  ordinary  commci’cial  caramel  (.see  Index)  should  remove  at 
least  four-fifths  of  the  colour  from  the  liquid.  (Hodgkin.) 

IVood  Charcoal  {Carho  Ligni,  B.P.)  is  wood  similarly 
ignited  without  access  of  air.  On  incineration  it  should 
yield  not  more  than  per  cent,  of  ash. 

Decoloridiig  power  of  Animal  Charcoal. — Animal  charcoal, 
in  fragments  is  em2)loyed  in  decolorizing  solutions  of  common 
brown  sugar,  for  the  jiroduction  of  white  sugar.  Its  j)ower, 
and  the  nearly  equal  power  of  an  equivalent  quantity  (iV^h) 
of  the  jmrified  variety,  may  be  demonstrated  on  solution  ol 
litmus  or  logwood  as  well  as  on  solution  of  caramel. 

Besides  these  amorphous  varieties  of  carbon  thei'e  are  two 
crystalline  varieties ; namely,  plumbago  or  black-lead,  the 
material  employed  in  making  the  cores  of  the  so-called  “ lead  ” 
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pencils,  which  crystallizes  in  hexajronal  plates,  and  diamond 
which  crystallizes  in  forms  belonging  to  the  cubic  system. 
Diamond  is  the  hardest  substance  known.  When  any  form 
of  carbon  is  burned  in  oxygen,  carbonic  anhydride,  CO.„ 
results. 


Carbonates  are  veiy  common  in  nature,  calcium  carbonate, 
CaCOg,  being  widely-  distributed  as  chalk,  limestone,  and 
marble.  Hydrogen  carbonate  (true  carbonic  acid)  is  not 
known  as  a separate  substance,  but  a solution  of  carbonic 
anhydride  in  water  appears  to  contain  some  of  tins  acid. 
Such  a solution  (.see  below)  clianges  the  colour  of  blue  litmus- 
paper,  but  the  change  is  only  temporary,  as  the  carbonic 
acid  decomposes  into  water  and  carbonic  anhydride  when  the 
paper  is  exposed  to  the  air  for  a short  time. 

Carbonic  anhydride,  CO.„  is  a product  of  the  combustion  of 
alt  carbonaceous  matters,  and  of  the  respiration  of  animals 
and  plants.  It  is  a constant  constituent  of  the  atmosphere, 
in  which  it  is  jsresent  to  the  extent  of  about  3 parts  in 
10,000,  and  throughout  which  it  is  verj'  equally  distributed 
by  di^'uxion  {see  p.  17).  The  process  of  carbon  assimilation 
in  the  vegetable  kingdom  is  dependent  upon  tlie  presence 
in  the  air  of  this  small  proportion  of  carbonic  anhydride,  and 
it  takes  ])lace  by  the  aid  of  chlorophyll,  the  green  colouring 
matter  of  plants,  under  the  iuHuencejof  direct  sunlight.  The 
accumulation  of  carbonic  anh3'dride  in  confined  air,  so  as  to 
greatly  exceed  the  proportion  ju.st  mentioned,  gives  to  such 
air  (in  crowded  rooms,  for  example)  depressing  effects  ; 1 or 
5 per  cent,  rendering  the  atmosphere  poi.sonous  when  taken 
into  the  blood  from  the  lungs.  Carbonic  anhydride  (or 
carbonic  acid,  which  is  present  to  some  extent  at  lea.st  in 
all  aqueous  solutions  of  carhonic  anhydride)  may,  however, 
lie  taken  into  the  .stomacli  with  beneficial  sedative  effects  ; 
hence,  probably,  much  of  the  value  of  such  effervescing 
li(|uids  as  aerated  water  (often  wrongly  called  soda-water), 
lemonade,  solutions  of  the  various  granulated  preparations 
and  effervescing  powders,  and  even  potash-water  and  soda- 
water  jiroperly  .so-called.  The  gas  liquefies  on  the  applica- 
tion of  sufficient  jiressure  at  temperatures  below  31°  C.,  and 
the  liquid  solidifie.s  when  still  further  cooled  to  - 58°  C.  'J'hc 
lelative  weights  of  ecpial  volumes  of  carbonic  anhydride,  air, 
and  hydrogen,  are  respectively  21-89,  l f-44,  and  1.  At 
oi dinary  temperatures,  water  dissolves  about  its  own  volume 
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of  carbonic  anhydride,  and  the  weight  of  the  gas  dissolved 
under  increased  pressure  is  proportional  to  the  pressure. 
An  average  bottle  of  aerated  water  * contains  about  five 
times  tlie  quantit)'  of  carbonic  anhydride  which  the  water 
could  dissolve  without  artificial  pressure,  and  when  the 
cork  or  stopper  is  removed,  about  four-fiftlis  of  this  quantity 
esca))es,  while  the  balance  (about  equal  in  volume  to  the 
volume  of  the  water)  remains  dissolved. 

The  carbonic  anhydride  used  in  the  manufacture  of 
sodium  carl)onate  (the  carbonate  most  frequently  used  in 
medicine  and  in  the  arts  generally)  is  obtained  by  the 
decomposition  of  calcium  carbonate  {see  p.  87). 

('arixmie  (hide,  CO. — Meat  in  a test-tube  two  or  three 
fragments  of  potassium  ferrocyanide  with  eight  or  ten  times 
their  weight  of  sulphuric  acid,  and  as  soon  as  the  gas  begins 
to  be  evolved,  remove  the  test-tube  from  the  flame,  as  the 
action,  when  once  set  uj),  ]>roceeds  .somewhat  tumultuously. 
Ignite  the  carbonic  oxide  at  the  mouth  of  the  tube;  it  burns 
with  a ))ale-blue  flame,  the  product  of  combustion  being  car- 
bonic anhydride,  CO.,.  Carbonic  oxide  may  also  be  obtained 
from  oxalic  acid  {see  j).  34G). 

Carbonic  oxide  is  a direct  poison.  It  is  generated  when- 
ever coke,  charcoal,  or  coal  burns  with  an  insufficient  supply 
of  air.  Hence  the  danger  of  burning  charcoal  in  braziers 
(otherwise  than  under  chimney.s)  in  the  more  or  less  closed 
ajiartments  of  ordinary  dwellings. 

Phosgen. — Carbonic  oxide  unites  with  chlorine  in  sunlight 
to  form  j)hosgen  (</aos,  phos,  light,  and  yeevdoi,  geunao,  1 
jn-oduce),  COCl.„  a colourless  liquid  which  interacts  readily 
with  water,  forming  hydrochloric  acid  and  carbonic  anhy- 
dride, CO  -f  Cl,  = COCl, ; COCl,  + H,0  = 2HC1  q-  CO,. 

Aiuilijtical  Reaclions  of  Carhonales. 

1.  To  a fragment  of  marble  in  a test-tube  add  dilute 
hydrochloric  acid ; carbonic  anhydride,  CO,,  is  evolved,  and 
may  be  conveyed  into  water  or  solutions  of  salts  by  the  usual 

delivery-tube. 

* Bottled  aerated  waters  yield  carbonic  anhydride  tinmdtuotisly 
when  new,  and  soon  become  “’flat,”  but  yield  it  less  rapidly  and  more 
continuously  when  older,  and  then  retfiin  palate-sharpness  longer. 
Possibly  this  is  due  to  a solution  of  true  carbonic  acid  iH.CO.d  being 
less  unstable  than  a mere  solution  of  the  gas,  CO,. 
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This  is  the  process  usually  adopted  in  preparing  carbonic 
anhydride  for  experimental  ])ur])oses.  On  the  large  scale, 
the  gas  is  prepared  from  chalk  or  marble  and  sulphuric  acid, 
frecpient  stirring  promoting  its  liberation. 

2.  Pass  the  gas  into  lime-water;  a white  precipitate  of 
calcium  carbonate,  CaCOg,  is  produced.  Solution  of  lead 
subacetate  may  be  used  instead  of  lime-water,  and  is  perha]  s 
even  a more  delicate  reagent. 

The  evolution  of  an  odourless  gas  on  the  addition  of  an 
acid  to  a salt,  heat  being  applied  to  the  mixture  if  necessary, 
and  the  formation  of  a white  jirecij)itate  when  the  gas  is 
passed  into  lime-water,  afford  sufficient  evidence  of  the 
presence  of  a carbonate.  The  presence  of  carbonates  in 
solutions  of  alkali-metal  hydroxides  may  be  detected  by  the 
addition  of  lime-water.  Carbonates  in  presence  of  sulphites 
or  thiosulphates  may  be  detected  by  adding  acid  potassium 
tartrate,  which  decomposes  carbonates  with  effervescence,  but 
does  not  attack  sulphites  or  thiosulphates  ; or  the  substance 
under  examination  may  first  be  mixed  with  excess  of  potas- 
sium bichromate,  and  dilute  sulphuric  or  hydrochloric  acid  be 
then  added.  The  evolution  of  sulphurous  anhj^dride,  from 
the  decomj)osition  of  any  sulj)hite  or  thiosulj)hate,  is  entirely 
prevented  by  the  presence  of  the  bichromate  (which  would 
immediately  oxidize  it  to  sulphuric  acid)  while  the  evolution 
of  carbonic  anhydride  is  not  interfered  with. 

3.  blow  air  from  the  lungs  through  a glass  tube  into 
lime-water;  the  presence  of  carbonic  aidiydride  is  at  once 
indicated  by  the  licpiid  becoming  turbid.  By  passing  a 
considerable  (piantity  of  ordinary  air  through  lime-water, 
a similar  effect  is  j)roduced.  A bottle  containing  lime-water 
soon  becomes  internally  coatc'd  with  calcium  carbonate  owing 
to  absorption  of  atmospheric  carbonic  anhydride. 

‘1.  I'ill  a dry  test-tube  with  carbonic  anhydride,  jiassing 
the  gas,  by  means  of  a delivery-tube,  to  the  l)ottom  of  the 
te.st-tube.  Being  rather  more  than  one  and  a half  times 
as  heavy  jis  air  (sj).  gr.  T,'32!)),  it  displ.-iccs  tlie  latter. 
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Prove  the  presence  of  the  gas  in  the  test-tube  by  pouring 
it  slowlj^,  as  if  a visible  liquid,  into  another  test-tube  con- 
taining lime-water;  the  characteristic  turbidity  is  obtained 
on  shaking  up  the  lime-water  with  the  air  of  the  tube.  In 
testing  for  carbonates  by  bringing  the  evolved  gas  into  con- 
tact with  lime-water,  the  preparation  and  adaptation  of  a 
delivery-tube  may  often  be  avoided  by  pouring  the  gas 
from  tlie  generating-tube  into  that  containing  the  lime- 
water,  in  the  manner  just  indicated. 

5.  Pass  carbonic  anhydride  through  lime-water  until  the 
precipitate  at  first  formed  is  dissolved.  The  resulting  liquid 
is  a solution  of  calcium  carbonate  in  carbonic  acid  water,  or 
probably  calcium  bicarbonate,  CaH^(COg)o.  Boil  the  solu- 
tion ; carbonic  anhydride  e, scapes,  and  the  carbonate  is  again 
precij)itated. 

This  exjieriment  serves  to  show  how  calcium  carbonate 
is  kept  in  solution  in  ordinary  well-waters,  imparting  to  them 
the  proj)erty  of  “ hardne.s.s,”  and  how  the  /«r  or  stone-like 
deposit  in  tea-kettles  and  boilers  is  formed.  It  should  here 
be  stated  that  calcium  sulphate  also  j)roduces  hardnes.s,  and 
that  calcium  carbonate  and  sulphate  with  small  quantities  of 
magnesium  carbonate  and  suljdiate,  constitute  the  harden- 
ing con.stituents  of  well-waters,  a curd  (calcium  or  magnesium 
oleate)  being  formed  whenever  soaj)  is  used  with  such  waters. 
As  the  formation  of  this  curd  indicates  the  formation  from 
the  soap  of  insoluble  substances  which  are  devoid  of  detergent 
properties,  it  is  obviously  important,  in  order  to  avoid  waste 
of  soap,  that  water  as  free  as  possible  from  these  hardening 
constituents  should  be  employed  for  washing  purjioses.  The 
hardness  produced  by  the  calcium  and  magnesium  carbonates 
is  termed  “ temporary  hardness,”  because  removable  b}'  ebul- 
lition ; that  produced  by  the  sulj)hates  ^'jiermanent  hard- 
ness,” because  unaffected  by  ebullition.  The  addition  of 
lime-water,  or  a mixture  of  lime  and  water,  removes  temjior- 
ary  hardness,  CaHg(C()g)g -f  (!a(()M)g  = 2CaC(),, -f  211^0,  and 
sodium  carbonate,  “washing-soda,”  removes  both  temjiorary 
and  permanent  hardness,  in  the  latter  case  sodium  suljihatc 
remaining  in  solution.  Barium  carbonate  (]  owdered  wilher- 
ile)  also  decomposes  calcium  and  magnesium  sulphatc-s 
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bixriuni  sulphate  beiii^  precipitated  and  calcium  and  mag- 
nesium carbonates  formed ; the  latter  and  the  carbonates 
originally  present  in  the  water  may  then  be  precipitated  by 
ebullition  or  by  the  action  of  lime-water.  But  the  poisonous 
character  of  barium  salts  prevents  the  use  of  barium  carbon- 
ate to  purify  water  for  drinking  jnirposes,  as  by  accident  or 
an  Linforesee’n  reaction  a portion  might  become  dissolved. 

6.  Add  a solution  of  potassium  or  sodium  carbonate  to  a 
magnesium  salt;  a while  precipitate  of  a basic  magnesium 
carbonate  is  produced,  but  the  precipitation  is  not  complete. 
On  boiling,  light  magnesium  carbonate  (the  substance  for- 
merly known  as  magnesia  a/ha')  is  precipitated  (.vce  p.  131). 

Thiocarhonates  or  SulpJiocarbonates  resemble  carbonates  in 
composition,  but  contain  sulphur  in  place  of  oxygen. 

Thiocarhonic  or  Sii/phocarhunic  anhydride,  CS^,  commonly 
termed  carbon  disulphide  or  bisulphide  (Carbonis  Bisulphidum, 
B.P.,  and  Carbonei  Bisulphidum,  U.S.P.),  is  a highly  volatile 
and  inflammable  liquid,  easily  made  from  its  elements.  Sj). 
gr.  1'268  to  1'269;  boiling-point,  46°  to  47°  C.  When  pure 
it  is  almost  odourless,  but  a commercial  specimen,  or  the  pure 
liquid  which  has  been  exposed  to  light  for  some  time,  possesses 
a disagreeable  odour  due  to  im])urity.  Impure  specimens 
may  be  rendered  almost  odourless  by  digestion  with  lime  and 
then  with  copper  turnings,  or  by  digesting  and  distilling  with 
mercuric  chloride.  It  often  contains  dissolved  sulphur.  It 
is  slightly  soluble  in  water  (about  1 in  400)  forming  a useful 
antiseptic  fluid.  Carbon  monosulphide,  analogous  to  carbon 
monoxide  (carbonic  oxide),  is  said  to  have  been  obtained. 


QUESTIONS  AND  EXERCISES 

Explain  the  action  of  hydrochloric  acid  on  animal  charcoal  in  the 
process  of  purification  of  the  latter. — Name  the  chief  natural  (“arbon- 
ates. — What  are  the  formuhc  of  car1)onic  acid  and  carbonic  anbydride? 
— Adduce  evidence  of  the  existence  of  true  carboidc  acud. — Carbonic 
anhydride  is  constantly  exhaled  from  the  lungs  of  animals  ; why  does 
it  not  accumulate  in  the  atmosjdiere? — State  the  specific  gravity  of 
carbonic  anhydride.  — By  what  process  may  carbonic  aidiydride  be 
obtained  for  experimental  and  manufacturing  pmqioscs? — Describe  the 
action  of  carbonic  anhydride  on  potassium  or  sodium  carbonate. — 
How  may  carbonic  anhydride  be  detected  in  expired  air? — 'J'o  what 
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extent  is  carbonic  anhydride  heavier  than  air  ?— Calculate  what  quantity 
of  chalk  (90  per  cent,  pure)  will  be  required  to  furnish  the  carbonic 
anhydride  necessary  to  convert  one  ton  of  potassium  carbonate  (con- 
taining 83  per  cent,  of  K.^COA  into  bicarbonate,  supposing  no  gas  to 
be  wasted.  Am\,  l.’iOO  lbs. — Define  “ hardness  ” in  water. — How  may 
the  presence  of  carbonates  be  demonstrated  ? 


OXALIC  ACID,  HoC^04,2HoO,  and  other  Oxalates 

Soiirrex. — Oxalates  occur  in  nature  in  the  juices  of  some 
])lant.s,  as  wood-sorrel,  rhubarb,  the  common  dock,  and  certain 
lichens  ; but  hydrogen  oxalate  and  other  oxalates  are  all  made 
artificially.  The  carbon  of  many  organic  substances  yields 
oxalic  acid  when  those  substances  are  boiled  with  nitric  acid, 
and  alkali-metal  oxalates  when  they  are  roasted  with  a mixture 
of  jiotassium  and  sodium  hydroxides. 

Expcrhneutal  process. — On  the  small  scale,  a mixture  of 
nitric  acid  10  ))arts,  loaf-sugar  2 jiarts,  and  water  3 parts, 
(piickly  yields  oxalic  acid.  Red  fumes  are  at  first  evolved 
abundantly,  and  crystals  are  deposited  on  cooling.  A more 
dilute  nitric  acid,  kept  warm,  acts  more  slowly,  but  yields 
more  oxalic  acid.  The  following  [u'oeess  is  more  economical. 

Manufaduring  ])roce.ss. — On  the  large  scale,  sawdust  is 
roasted  with  caustic  soda,  the  resulting  sodium  oxalate  decom- 
posed by  means  of  slaked  lime,  with  regeneration  of  caustic 
soda  and  formation  of  calcium  oxalate.  The  latter  is  digested 
with  sulphuric  acid,  and  the  liberated  oxalic  acid  is  purified 
by  recrystallization. 

Purified  o.valic  acid. — The  acid  made  from  sugar,  recrystal- 
lized two  or  three  times,  is  quite  pure.  Commercial  oxalic 
acid  should  be  mixed  with  insufficient  water  for  complete 
solution,  and  the  mixture  occasionally  shaken.  Most  of  the 
imjnirities,  remain  undissolved,  and  the  saturated  aqueous 
solution  on  evaporation  yields  crystals  which  are  nearly  pure. 
Aqueous  solutions  of  oxalic  acid  slowly  decompose  under  the 
influence  of  light  and  oxygen. 

Quanlivnicvcc. — The  acid  radical  of  the  oxalates  is  bivalent 
(C„0,,").  The  formula  of  oxalic  acid  is  frequently  written 
(CO()H).„  2H„0.  Roth  normal  oxalates  (RaC.jO.,)  and  acid 
oxalates  (R'HC/).,)  are  known. 

Sail  of  .sorrel  is  a crystalline  salt  intermediate  in  comj)osi- 
tion  betM'een  oxalic  acid  and  acid  potassium  oxalate,  the 
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crystals  containing  two  molecules  of  water  of  crystallization 

(KHCp,,  H,C,0„  2Hp). 

Anahjlical  lleachons  of  Oxalates. 

1.  To  solution  of  an  oxalate  {e.g.,  ammonium  oxalate)  add 
solution  of  calcium  chloride ; a white  j)recipitate  of  calcium 
oxalate,  CaC„0,,  is  produced.  Add  to  the  precipitate  excess 
of  acetic  acid ; it  is  insoluble.  Add  hydrochloric  acid  ; the 
precipitate  dissolves. 

The  formation  of  a white  precipitate  on  adding  a calcium 
or  barium  salt,  insoluble  in  acetic  but  soluble  in  hydrochloric 
or  nitric  acid,  is  usually  sufficient  proof  of  the  presence  of  an 
oxalate.  It  should  be  noted,  how'ever,  that  in  the  presence 
of  sulphates,  calcium  chloride  may  jiroduce  a precipitate  of 
calcium  sulphate  which  is  only  slightly  soluble  in  acetic,  but 
is  readily  soluble  in  hydrochloric,  acid.  In  the  known 
presence  of  sulphates,  oxalate  may  be  tested  for  by  the 
addition  of  calcium  sulphate  to  a solution  acidulated  wdth 
acetic  acid  only. 

2.  Heat  a fragment  of  an  alkali-metal  oxalate  (potassium 
oxalate,  for  example)  in  a test-tube  ; decompo.sition  occurs 
(accompanied  by  only  a slight  darkening),  carbonic  oxide,  CO, 
is  liberated,  and  carbonate  of  the  metal  remains.  Add  dilute 
hydrochloric  acid  to  the  residue  ; effervescence  occurs. 

This  is  a ready  test  for  most  ordinary  oxalates,  soluble  or 
insoluble,  and  is  trustworthy  if,  on  heating  the  substance, 
no  charring  occurs,  or  not  more  than  gives  a grey  colour  to 
the  residue.  Organic  metallic  salts  decom]K)se  when  heated, 
and  leave  a residue  of  carbonate,  but,  except  in  the  case  of 
oxalates,  the  residue  is  nearly  always  accompanied  by  much 
carbon.  Insoluble  oxalates  and  orgaiiic  salts  of  sucli  metals 
as  lead  and  silver  are,  of  course,  liable  to  be  reduced  to 
oxide  or  even  to  metal  by  the  action  of  heat.  Sucb  oxalates 
may  be  decomposed  by  boiling  with  solution  of  sodium  car- 
onate,  and  the  filtered  licpiid  may  be  tested  for  oxalate  by 
t le  calcium  chloride  test  (or  by  means  of  calcium  sulphate,  in 
acetic  acid  solution). 
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Other  Amili/ticcd  Reactions.  — Silver  nitrate  gives,  with 

oxalates,  a white  precipitate  of  silver  oxalate,  AggC^O^. 

Dry  oxalates  are  decomposed  when  heated  with  concentrated 
sulphuric  acid,  carbonic  oxide  and  carbonic  anhydride  escap- 
ing. If  enough  oxalate  be  employed,  the  gas  may  be  crashed 
with  a caustic  alkali,  which  removes  the  carbonic  anhy- 
dride, and  the  carbonic  oxide  may  then  be  ignited  ; it  will  be 

found  to  burn  with  a characteristic  bluish  flame. Oxalates, 

when  mixed  with  water,  black  manganese  oxide  (free  from 
carbonates),  and  sulphuric  acid,  }deld  carbonic  anhydride, 
which  may  be  tested  by  means  of  lime-water  in  the  usual 

manner. Not  only  such  insoluble  oxalates  as  those  of  lead 

and  silver  above  referred  to,  but  any  ordinary  insoluble 
oxalate,  such  as  that  of  calcium  or  magnesium,  may  be 
decomposed  by  prolonged  ebullition  with  solution  of  sodium 
carbonate  ; after  filtration  the  oxalic  acid  radical  will  be  found 
in  the  filtrate  as  soluble  sodium  oxalate. 

Antidote. — In  cases  of  poisoning  by  oxalic  acid  or  salt  of 
sorrel,  chalk  and  water  may  be  administered  as  antidote  (with 
the  view  of  producing  insoluble  calcium  oxalate),  emetics  and 
the  stomach-pump,  or  stomach-sijdion,  being  used  as  soon  as 
possible. 


QUESTIONS  AND  EXERCISES 

Mow  are  oxalates  obtained ?— What  is  the  quantivalence  of  the 
oxalic  radical ?— Give  the  formula  of  “salt  of  sorrel.”— Mention  the 
chief  test  for  oxalic  acid  and  other  soluble  oxalates. — By  what  reactions 
are  insoluble  oxalates  recognised? — Name  the  antidote  for  oxalic  acid, 
and  describe  its  action. 


TARTARIC  ACID,  H^^C^H.,0,i,  and  other  Tartrates 

Sources. — Tartrates  exist  in  the  juices  of  many  fruits;  but 
it  is  from  that  of  the  grape  that  our  supplies  are  usually 
obtained.  Grape-juice  contains  much  acid  potassium  tartrate, 
KIIQiH/),;,  which  is  gradually  depo.sitcd  when  the  juice  is 
fermented]  as  in  making  wine  ; for  while  acid  potassium  tar- 
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trate  is  not  very  soluble  in  water,  it  is  still  less  so  in  spirituous 
liquids,  and  hence  it  crystallizes  out  as  the  sii«^ar  of  the  grape- 
juice  is  gradually  converted  into  alcohol.  It  is  found,  mixed 
with  calcium  tartrate,  lining  the  vessels  in  which  wine  is  kept ; 
and  it  is  from  this  crude  substance,  termed  avgal  or  argol, 
also  from  the  albuminoid  yeasty  matter  or  “ lees  ” deposited 
at  the  same  time,  as  well  as  from  any  tartrate  that  may 
remain  in  the  marc  left  after  the  juice  has  been  pressed 
from  the  grapes,  that,  by  rough  recrystallization,  tartar,” 
still  containing  G or  7 per  cent,  or  more  of  anhydrous  calcium 
tartrate,  CaC^H^O,.,  is  obtained.  From  the  tartar,  tartaric 
acid  and  other  tartrates  are  prepared.  In  old  dried  grapes 
(raisins)  crystalline  masses  of  tartar  and  of  grape-sugar  are 
frequently  met  with. 

I'erjuice,  that  is,  cerd  juice  or  green  juice,  is  an  old  name 
for  the  very  sour  juice  of  unripe  green  grapes  and  of  crab 
apples.  It  contains  tartaric,  racemic,  and  malic  acids. 

('ream  o f tartar,  purified  by  crystallization  (^Putassii  Tar- 
Iras  Acidus,  B.P.),  occurs  as  ‘‘a  gritty  white  powder,  or 
fragments  of  cakes  crystallized  on  one  surface  ” ; of  a pleasant 
acid  taste,  soluble  in  200  parts  of  cold  and  6 of  boiling  water, 
insoluble  in  alcohol.* 

(hiantivalcme. — The  acid  radical  of  the  tartrates  is 
bivalent  (C^II^O,.'),  and  both  normal  tartrates  (R'„C^H^OJ 
! and  acid  tartrates  (RTIC^H,0,.)  are  known.  Potassium 
tartrate  (f72F,,H40,;).j,  IRO,  and  Rochelle  Salt,  potassium  and 
sodium  tartrate,  the  official  Soda  Tartarata,  are  illustrations 
of  normal  tartrate.s,  while  cream  of  tartar,  is  an 

exarri])le  of  an  acid  tartrate.  Constitutional  formula  of 
tartaric  acid:  CJ F(()II),(CO()II),. 

Tartaric  Acid 

laitarie  Acid  flcidam  ! artariciim,  B.P.),  i.s  obtained  by 
boiling  cream  of  tartar  with  water,  adding  chalk  till  efl'er- 

* A boiling  solution  of  tartar  yields  a floating  crust  of  minute 
rystals  on  cooling — ^^just  as  milk  yields  a floating  layer  of  cream  ; 
hence  the  term  cream  of  birtar.  “ It  is  called  tartar,'"'  says  Paracelsus, 
because  it  produces  oil,  water,  tincture,  and  salt,  which  burn  the 
patient  as  tartanis  does.”  'J'artanm  is  Latin  (Tdprapoj,  'I'artaros, 
Oreekj  lor  hell.  ] he  jiroducts  of  its  destructive  distillation  are 
certainly  somewhat  irritating  in  taste  and  smell;  and  the  “salt” 
(potassium  carbonate)  that  i.s  left  is  diuretic  and  in  larger  (luantilies 
powerfully  corrosive. 
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vescence  ceases,  and  then  calcium  chloride  so  long  as  a pre- 
ci]htate  falls ; the  two  portions  of  calcium  tartrate  thus 
consecutively  formed  are  thoroughly  washed,  treated  with 
dilute  sulphuric  acid,  the  mixture  boiled  for  a short  time,  the 
resulting  calcium  sulphate  mostly  separated  by  filtration,  the 
filtrate  concentrated  by  evaporation,  any  further  calcium 
sul])hate  that  may  have  deposited  removed  as  before,  and 
evaporation  continued  until  the  solution  is  sufficiently  con- 
centrated to  crystallize  on  cooling.  The  calcium  tartrate 
obtained  from  nine  ounces  of  cream  of  tartar  requires  five 
ounces  (by  weight)  of  sulphuric  acid  for  complete  decom- 
position. 

2 K MC,1 1,0,,  + CaCO.,  = CaC,H,(),,  + K2Q,H,0,.  + H,0  + CO, 

Acid  ])()tfts.siuin  Calcium  Calcium  ]”ot,aM,sium  Water  Carlxuiic 

tartrate  cartoiiate  tartrate  tartrate  aiiliydrido 

K./:,M,0,.  -t-  CaCl,  = CaC,H,0,.  + 2KC1 

I’otasHlum  Calciuin  Calcium  PotasHium 

tartrate  chloride  tartrate  chloride 

CaC,H,0„  -t-  I-I.2SO,  = CaSO,  + H.,C,H,0^ 

Calcium  Hulidmric  Calcium  Tartaric 

tartrate  acid  .suli)hato  acid 

'J'arLaric  acid  occurs  in  commerce  in  colourless  crystals  or 
in  finely  crystalline  powder.  It  is  readily  soluble  in  water 
and  in  alcohol.  One  gramme  dissolved  in  5 c.c.  of  water, 
2 c.c.  of  alcohol  (90  per  cent.)  added,  and  then  water  suffi- 
cient to  j)roduce  8 c.c.,  forms  “ Solution  of  Tartaric  Acid,” 
B.P.  Aqueous  solution  of  tartaric  acid  is  not  stable. 

Parcels  of  tartaric  acid  often  contain  cry.stals  of  a ph3^si- 
cally  isomeric  modification  (.see  Isomerism).  It  is  termed 
paralcirltmc  acid  (jrapd,  para,  beside)  or  racemic  acid  {racevm'i,  a 
bunch  of  grapes),  and  is  a combination  of  ordinary  tartaric 
acid,  whose  solution  rotates  a ray  of  polarized  light  to  the 
right  (dextrotartaric  or  right-rotating  tartaric  acid),  with 
laivotartaric  or  left-rotating  tartaric  acid,  whose  solution 
rotates  a polarized  ray  to  the  left.*  Racemic  acid  is 
inactive  in  this  respect  (optically  inactive),  the  ojqiosite 
])roperties  of  its  con.stituents  neutralizing  each  other. 
Racemic  acid  is  less  soluble  in  alcohol  than  tartaric  acid. 

* According  to  Van ’t  Hoff  and  I.c  Bel,  all  conijiounds  that  cause 
such  rotation  contain  at  least  one  atom  of  carbon  with  which  four 
differml  atoms  or  radicals  are  united.  Such  carbon  atoms  arc  termed 
asymmetric. 
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Potassium  Tartrate.  j).  76.) 

Sodium  Potassium  Tartrate.  Rochelle  Salt. 

(See  p.  91.) 

Tartar  Emetic.  (See  p.  208.) 

Neutralization  Weights  of  Tartaric  Acid,  Potassium 
Carbonate,  Potassium  Bicarbonate,  Sodium  Carbonate 
(crystallized),  Sodium  Bicarbonate,  and  Ammonium  and 
Magnesium  Carbonates  are  given  in  the  Appendix.  In 
medical  j)ractice,  effervescing  saline  draughts  are  often 
designedly  jn'escribed  to  contain  a quantity  of  acid  or  alkali 
considerably  in  exeess  of  the  proportions  required  for  exact 
neutrality. 

Kfl'ervesceiil  Tarlamted  Soda  Powder  (Palvis  Sodxe  Tarlaralce 
Kffervescenx,  B.P.)  or  Seidlilz  Ponder  consists  of  3 parts  of 
Rochelle  salt  (120  grains)  with  1 part  (40  grains)  of  sodium 
bicarhonate  (the  mixture  usually  wrapjied  in  blue  })aper)  and 
1 ])art  (38  grains)  of  tartaric  acid  (wraj)ped  in  white  [laper). 
W hen  administered,  one  j)owder  is  dissolved  in  a tumbler 
rather  more  than  half  full  of  water,  the  other  added,  and  the 
mixture  drunk  during  effervescence.  It  may  be  noted  that 
the  (juantity  of  tartaric  acid  is  21  grains  in  excess  of  that 
necessary  for  the  formation  of  a neutral  solution  of  the 
mixed  sodium  and  potassium  tartrates.  The  effect  of  this 
excess  of  tartaric  acid,  and  of  the  preseiice  of  carbonic  acid 
))roduced  by  the  interaction,  is  to  give  rise  to  the  forma- 
tion of  acid  tartrate  and  of  hicarhonate.  The  presence  of 
this  amount  of  acid  salt  give.s,  according  to  the  taste  of 
some  j)ersons,  agreeable  acidity  to  the  draught.  The  United 
.States’  formula  (Pulvix  F.Jjcrvc.scens  Com.poxihix,  U.S.P.)  includes 
rather  less  t.artaric  acid,  so  that  oidy  neutral  salts  are 
produced,  and  the  formation  of  the  gritty  acid  potassium 
tartrate  is  avf)ided.  “Double”  seidlitz  ])owdcrs  contain  a 
double  dose  of  Rochelle  salt. 

Aiialijlical  Ileaclioiix  of  Tarirale.x. 

1.  lo  a solution  of  any  neutral  tartrate,  or  of  larUarit- 
acid  made  neutral  t)y  addition  of  solution  of  c’austic  sod, a, 
add  solution  of  calcium  chloride;  a wiiiti;  |)rccipitatc  of 
calcium  tartrate,  C'aC',II|()|.,  is  protluced.  Pollcct  I be  jire- 
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cij)itate  on  ca  filter,  wash,  place  a small  cpiantity  in  a test-tube, 
and  add  solution  of  caustic  potash  : on  stirring  the  mixture 
the  precij)itate  dissolves.  Heat  the  solution : the  calcium 
tartrate  is  reprecipitated. 

In  this  reaction  a moderate  quantity  of  the  calcium 
cliloride  solution  should  be  added  at  once,  and  the  test 
should  he  jKjrformed  without  delay,  otherwise  the  calcium 
tartrate  will  assume  a crystalline  character  and  be  with 
didiculty  dis.solved  by  the  caustic  potash.  The  latter  should 
he  (piite  free  from  carbonate. 

'J'he  solubility  of  calcium  tartrate  in  cold  caustic  ))otash 
.solution  enables  the  analyst  to  distinguish  between  tartrates 
and  citrates,  otherwise  a didicult  matter.  Calcium  citrate  is 
not  soluble,  or  only  to  a very  slight  extent,  in  the  alkali. 
'I'he  absence  of  much  ammonium  salt  must  be  ensured, 
calcium  citrate,  as  well  as  tartrate,  being  soluble  in  solutions 
of  ammonium  salts. 

2.  Acidulate  a solution  of  a tartrate  with  acetic  acid,  add 
potassium  acetate,  and  well  stir  the  mixture ; a crystalline 
]>reci])itate  of  acid  potassium  tartrate  slowly  separates. 

'I'liis  reaction  is  not  apj)licahle  in  testing  for  very  small 
(|uantities  of  tartrates,  the  acid  ])otassium  tartrate  being 
not  altogether  insoluble.  The  jn-ecipitate  being  insoluble  in 
alcohol,  however,  the  addition  of  the  latter  renders  the  test 
much  more  delicate. 

3.  To  a neutral  solution  of  a tartrate  add  solution  of  silver 
nitrate;  a white  preeijutate  of  silver  tartrate,  Ag^,C^H^O^,  is 
produced.  Boil  the  mixture  ; the  preeijutate  blackens  owing 
to  the  reduction  of  the  silver  tartrate  to  metallic  silver. 
Or,  before  boiling,  add  a drop,  or  less,  of  solution  of 
ammonia ; a mirror  will  form  on  the  tube — adhering  well 
to  the  glass  if  the  tube  was  thoroughly  cleansed.  When 
even  an  insoluble  tartrate  is  j)laced  in  a dry  tube  with  a 
few  fragments  of  silver  nitrate,  and  a droji,  or  less,  of  solution 
of  ammonia  is  added,  a mirror-like  character  is  ini])arted  to 
each  fragment  of  silver  salt  when  tlie  tube  is  gently  rotated 
some  inches  above  a Bunsen  flame. 
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Older  licmiioiis.  — Tartrates  heated  with  concentrated 
sulphuric  acid  char  immediately,  or  at  least  very  rapidly. 

Tartaric  acid  and  the  soluble  tartrates  prevent  the 

precipitation  of  ferric  and  other  hydroxides  on  the  addition 
of  alkalies,  solutions  of  double  tartrates  being  formed  (whicli 
on  evaporation  yield  liquids  that  do  not  crystallize,  but, 
when  s])read  on  sheets  of  glass,  dry  up  to  thin  transparent 
plates  or  scales).  The  ferric  potassio-tartrate  (^I'crrum  'lar- 
taralum,  B.P.  ; hcrri  el  Poln.ssd  rarlrax,  U.S.P.)  is  a prepara- 
tion of  this  kind. Metallic  tartrates  decompose  when 

heated,  carbon  being  set  free  and  metallic  carbonate  (or 
metal  in  the  case  of  easily  reducible  metals)  formed,  while 
the  gaseous  j)roducts  jiossess  a peculiar,  more  or  less 
characteristic  smell,  resembling  that  of  burnt  sugar. 


QUESTIONS  AND  EXERCISES 

State  the  origin  of  tartaric  acid  and  otlier  tartrates,  and  explain 
the  deposition  of  argol,  crude  acid  i)otassiuni  tartrate,  during  the 
manufacture  of  wine. — Give  the  chemical  formula,  and  the  characters, 
of  “purified  cream  of  birtar  ” — Mention  the  formula  and  quanti- 
valence  of  the  tarbiric  radical. — Write  the  formulije  of  a number  of 
tartrates. — Give  equations  illustrating  the  production  of  tartaric  acid 
from  purified  cream  of  birtar. — by  what  general  jirocess  may  normal 
or  double  tartrates  be  obtained  from  acid  iiotassium  tartrate? — Give 
equations  rejiresenting  the  reactions. — Enumerate  the  te.sts  for  tar- 
trates, and  describe  the  effects  of  heat  on  metallic  tartrates. 


CITRIC  ACID,  H.C„H^O-,  H^O,  and  other  Citrates 

Source.s. — Citric  acid  {^Acuhnn  Cilriciim,  B.P.)  exists  in  the 
juice  of  the  gooseberr}',  eurrant,  cherry,  strawberry,  ras]>- 
berry  (^Jiiil)iix  Idicu.s,  U.fS.P.),  and  many  other  fruits,  as  well 
j as  in  other  parts  of  plants.  'The  ])ulp  of  the  fruit  of  Tamar- 
\ indii.i  indica  {Tamarind nx,  B.P.)  contains  from  1 to  12  per 
cent,  (in  addition  to  To  of  tartaric  acid,  O’.o  of  malic  .acid, 
and  .5  per  cent,  of  acid  |)otassiuni  tartrate).  But  it  is  from 
1 the  lemon  or  lime  that  the  citric  acid  of  commerce  is  usually 
obtained,  for  this  purpose  eoncentrated  lemon-juice  is  ex- 
I ported  from  .Sicily,  concentrated  bergamot-juice  from  the 
I Calabrian  coast  ot  South  Italy,  and  concentrated  lime-juice 
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from  tlie  West  Indies.  The  lime-fruit  from  Cilrus  ha-gamin 
is  included  in  the  old  Pharmacopoeia  of  India. 

Citric  acid  may  be  prepared  from  lemou-juice  by  the 
following  process  : — The  hot  juice  should  be  neutralized  by 
the  addition  of  ])owdered  chalk,  the  resulting  calcium  citrate 
collected  on  a filter,  washed  with  hot  water  till  the  liquor 
l)asscs  from  it  colourless  (by  which  not  only  the  colouring- 
matter  but  the  mucilage,  sugar,  and  other  constituents  of  the 
juice  are  got  rid  of),  tlicn  mixed  with  cold  water,  decomposed 
l)y  means  of  sulphuric  acid,  the  mixture  boiled  for  half  an 
hour,  filtered,  the  solution  evaporated  to  a density  of  T21,  set 
aside  for  21  liours,  tlien  poured  off'  from  any  de])osit  of  crystal- 
line calcium  sul|)hate,  further  concentrated  and  set  aside  to 
ciystallize.  If  the  (piantity  of  calcium  citrate  to  be  decom- 
posed is  unknown,  the  suljihuric  acid  may  be  added  until  a 
little  of  the  supernatant  fluid  give.s,  after  a minute  or  two,  a 
precipitate  with  solution  of  calcium  chloride.  The  concen- 
trated solution  of  citric  acid  generally  crystallizes  very  slowly. 
Shaken  violently,  however,  in  a bottle  with]  a granule  or  two 
of  solid  acid  from  a previous  crystallization,  it  cpiickly  yields 
its  citric  acid  in  a j)ulvcruleiit  form,  and  this  drained  and 
redissolved  in  a very  small  (juantityiof  hot  water  yields  crystals 
moderately  (piickly  (Warington). 


2H3C,5lI,,()7  + 
Citric  aciil 


.•ICaCOg  = Ca.,(C,jHg07)g  + 3HgO  -t-  3CO.g 

Calcium  Calcium  citrate  Water  Carbonic 

carbonate  anbydrido 


Calcium  citrate 


4-  3H.,SO.,  = 2H„C,.H,();  + 3CaSO^ 

Hulphuric  acid  Citric  acid  Calcium  sulpliato 


Citric  acid  is  now  manufactured  by  the  citric  fermentation 
of  glucose,  which  takes  jilace  in  presence  of  the  fungi  Cilro- 
mijccs  F fejfcnaniis  and  C.  glahcr. 

The  arti/iciai  production  of  citric  acid  has  been  accom- 
plished by  Grimaux  and  Adam,  who,  starting  with  glycerin, 
jiroduce  certain  chloro-  and  cyano-derivatives  and  ultimately 
citric  acid  itself;  it  has  also  been  built  uj)  by  starting  with 
acetone. 

Citric  acid  itself  is  the  only  citric  compound  of  much  direct 
importance  to  the  pharmacist.  It  usually  occurs  in  colourless 
crystals  soluble  in  half  their  weight  of  boiling  and  in  three- 
fourths  of  their  weight  of  cold  water,  less  soluble  in  alcohol 
and  insoluble  in  ether.  A solution  of  30  to  40  grains  in  1 
ounce  of  water  forms  a substitute  for  Icmon-juicc.  Citrates 
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lieated  witli  concentrated  sulphuric  acid  to  about  21H  F. 
(101‘G°  C.)  evolve  carbonic  oxide,  and  at  higher  teni])eratures 
acetone  and  carbonic  anhydride. 

Action  of  heat  on  citric  mid. — Citric  acid  when  slowly  heated 
first  loses  its  water  of  crystallization  ; afterwards  (347°  P'., 
175°  C.)  the  elements  of  another  molecule  of  water  are  evolved 
and  a residue  obtained  from  which  ether  extracts  aconitic  acid, 
H3C^H30|,,  identical  with  the  aconitic  acid  (and  the  acid  first 
termed  eijidsetk^  in  various  species  of  Aconitnin  and  FAjni.sctinn . 

Quantiralence. — 4'he  acid  radical  of  the  citrates  is  trivalent 
(C,.H-0-"').  Three  classes  of  citrates  are  known,  in  which 
one,  two,  or  all  three  atoms  resjiectively  of  the  rejilaceable 
hydrogen  atoms  of  the  acid,  are  re])laced  by 

equivalent  proportions  of  metallic  radicals.  Constitutional 
formula  of  citric  acid,  C3H.,(OH)(COOH)3. 

The  official  Lcnion-Jnice  fSucens  Linioni.s,  B.P.)  is  to  be 
freshly  exj)ressed  from  the  rijie  fruit,  to  have  a specific  gravity 
of  T030  to  T040,  and  to  contain  30  to  40  grains  of  citric  acid 
(HjC'ijH^O-,  H.,0)  in  1 Huid  ounce.  The  acidity  may  be  ascer- 
tainetl  by  adding  solution  of  caustic  potash  or  soda  (the  con- 
centration of  which  has  been  determined  previously  with  pure 
crystals  oi  citric  acid)  till  red  litmus-pa))er  is  turned  di.stinctly 
blue.  Before  ap|)lying  this  test  to  commercial  specimens  of 
lemon-juice,  the  absence  of  notable  (juantities  of  sulphuric, 
hydrochloric,  acetic,  tartaric,  or  other  acid  must  be  ensured 
by  ap|)lication  of  a|)propriate  reagents.  fSce  also  “ Lemon- 
juice  ” in  Index.) 

Lime-juice  as  imj>orted  into  Britain  contains  an  average 
of  7-84  ])er  cent,  of  citric  acid,  rarely  rising  to  10  per  cent, 
and  very  seldom  falling  to  7 per  cent.  Containing  but  little 
sugar  and  mucilage,  it  recpiires  no  addition  of  alcohol  to 
preserve  it.  Lemon  juice  recpiires  about  40  jier  cent,  of  proof 
spirit  to  prevent  fermentation  ((  onroy). 


Neutralization  Weights  of  Citric  Acid,  Botassium 
Carbonate,  Botassium  Bicarbonate,  Sodium  Carbonate 
(crystallized),  Sodium  Bicarbonate,  and  Ammonium  and 
• agnesium  Carbonates  are  given  in  the  Ajipendix.  In 
medical  practice,  effervescing  .saline  draughts  are  often 
t esi^ne(  ly  ])rescrihed  to  contain  a ((uantity  of  acid  or  alkali 
consK  eia  )Iy  in  exc(‘ss  of  the  pro|)ortions  rfuiuircd  for  <;‘\a(‘t 
neutrality.  ‘ 
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Jiifili/lical  Reactions  of  Citrates. 

1.  'J'o  a dilute  solution  of  any  neutral  citrate,  or  of  citric 
acid  carefully  neutralized  by  addition  of  caustic  alkali,  add 
solution  of  calcium  chloride  and  boil  ; a white  precipitate  of 
calcium  citrate,  Cay(C,jHr,Oy)o,  is  produced.  Treat  the  pre- 
ci])itate  as  described  in  the  case  of  calcium  tartrate  (p.  350)  ; 
it  is  not  ])crceptibly  dissolved  by  the  caustic  jiotash. 

An  ap])roximate  separation  of  citrate  and  tartrate  can  be 
effected  by  means  of  this  reaction.  Both  radicals  are  pre- 
cipitated as  calcium  salts,  and  the  rapidly  washed  precipitate 
is  mixed  with  solution  of  caustic  jiotash,  diluted,  and  filtered  ; 
the  filtrate  contains  the  tartrate,  which  is  shown  to  be 
))resent  by  rej)recipitation  on  boiling.  The  precipitate  still 
on  the  filter  is  washed,  dissolved  in  solution  of  ammonium 
chloride,  and  the  .solution  boiled  ; the  calcium  citrate  is 
reprecij)itated.  'I’he  presence  of  much  sugar  interferes 
with  tins  reaction.  A dilute  solution  of  a citrate  is  not 
precijiitated  by  calcium  chloride  until  the  liquid  is  heated  : 
precipitation  from  a concentrated  solution,  also,  is  not  com- 
])!ete  without  ebullition  of  the  mixture.  This  reaction  is  not 
thoroughly  satisfactory,  calcium  citrate  being  .slighllij  soluble 
in  alkalies,  in  the  solutions  of  salts  produced  in  the  reaction, 
and,  to  a very  slight  extent,  even  in  cold  water.  It  is  readily 
soluble  in  acetic  acid. 

2.  To  a neutral  solution  of  a citrate  add  solution  of 
silver  nitrate ; a white  precipitate  of  silver  citrate, 
Ag^CyllrjO-,  is  produced.  Boil  the  mixture  ; the  precipitate 
does  not  blacken  rapidly,  as  silver  tartrate  does,  but  only 
after  long  boiling. 

Other  Analiitical  Reactions. — Citric  acid  forms  no  precijii- 
tate  corresponding  to  acid  potassium  tartrate.— — Lime- 
water,  in  excess,  gives  no  j)recipitate  with  a dilute  solution 
of  citric  acid  or  of  a citrate  unless  the  solution  is  boiled, 
calcium  citrate  being  slightly  soluble  in  cold  but  not  in  hot 
water  ; lime-water  usually  gives  precij)itales  with  tartrates 
in  the  cold, Citrates  do  not  char  immediately  when 
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lieated  with  concentrated  sulphuric  acid. Citric  acid  and 

citrates  prevent  the  precipitation  of  iron  by  alkalies,  soluble 
double  compounds  being  formed.  The  official  Iron  and 
Ammonium  Citrate  {terri  et  Ammonii  C ih'ds,  B.P.)  is  a pre- 
paration of  this  kind. Metallic  citrates  decompose  when 

heated,  carbonates  being  formed  and  carbon  set  free  ; the 
odour  of  the  gaseous  products  is  not  so  characteristic  as  in 

the  case  of  tartrates. According  to  Cailletet  a cold 

saturated  solution  of  potassium  bichromate  turns  a solution 
of  tartaric  acid  dark-brown,  carbonic  anhydride  being  evolved, 
while  a solution  of  citric  acid  only  slowly  becomes  light- 
brown. 

Pu.scli’s  text  fo>-  the  detection  of  tartaric  acid  in  citric  acid 
depends  on  the  well-known  difference  in  the  action  of  sul- 
jihuric  acid  on  tartaric  acid  and  on  citric  acid.  It  consists  in 
adding  to  1 gramme  of  powdered  citric  acid  in  a dr}’  test-tube 
10  grammes  of  pure  concentrated  (colourless)  sulphuric  acid, 
and  keeping  the  part  of  the  tube  containing  the  mixture  im- 
mersed in  boiling  water  for  an  hour.  The  citric  acid  dissolves 
w’ith  evolution  of  gas  and  frothing  to  form  a lemon-coloured 
liquid,  and  if  the  samjde  be  pure  this  colour  undergoes  no 
change  within  half  an  hour ; but  if  as  much  as  one-half  per 
cent,  of  tartaric  acid  be  present,  the  lemon  colour  becomes 
brownish  within  that  time,  and  in  an  hour  the  mixture  is 
red-brown. 

The  presence  of  tartaric  acid  may  also  be  detected  by  the 
following  method  : — Add  1 gramme  of  citric  acid  to  1 c.c.  of 
a 10  per  cent,  solution  of  ammonium  molybdate,  and  then  a 
few  drops  of  a very  dilute  solution  of  hydrogen  jieroxide  ; if 
tartaric  acid  is  present,  a fine  blue  colour  apj)ears  : in  its 
absence  the  Cf)lour  is  yellow.  (Crismer.) 


Ql'K.STIONS  AND  KXKKCISE.S 

\V  liat  is  the  source  of  citric  acid  ? — Descrilic  tlie  ]irc|)aration  of  citric 
acid,  j'ivinf;  equations. — Illustrate  by  formula'  the  various  {'lasses  of 
tartrates  and  citrates. — State  the  average  proportion  of  citric  acid  in 
lemon-juice.  What  are  the  tests  for  citrates  t — How  arc  tartrates 
separated  from  citrates  ? 
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PHOSPHORIC  ACID,  HgPO.i,  and  other  Phosphates 

Source. — The  source  of  the  ordinaiy  phosphates  and  of 
phospliorus  itself  (Pliosp/iorii.v,  B.P.)  is  the  normal  calcium 
pf.osphate,  Ca.,(PO.,)2.  This  is  the  chief  constituent  of  the 
hones  and  teeth  of  animals,  being  derived  from  the  plants 
on  which  they  leed,  ])lants  again  obtaining  it  from  the  soil. 
Compounds  of  phosjdiorus  are  also  met  with  in  the  brain, 
nerves,  muscles,  blood,  saliva,  and,  according  to  Kirkes,  even 
in  tissues  so  simjde  that  one  must  assume  that  the  compounds 
are  necessary  constituents  of  the  substance  of  the  primary 
cell.  Phosphates  are  eliminated  from  the  system  both  in  the 
urine  and  in  the  feces. 

Phosphorus  is  obtained  from  bones  by  the  following 
j)rocesses  : — The  bones  are  calcined  to  remove  all  traces  of 
animal  matter.  The  resulting  Iwne-eartli  is  treated  with  hot 
and  moderately  concentrated  sulphuric  acid,  whereby  phos- 
phoric acid  and  calcium  sulphate  are  produced  : — 

Ca,,(PO,)2  + SH.SO,  = 2HgPO,j  + 3CaSO, 

3'he  acid  fluid  strained  from  the  calcium  suljdiate  and  con- 
centrated, is  mixed  with  charcoal,  coke,  or  sawdust  and  dried 
in  an  iron  jiot.  At  this  stage  water  escapes,  and  metaphos- 
phoric  acid  remains: — HgPO,  = HPO,,-t- ITO.  The  mixture 
is  then  transferred  to  a fireclay  retort  and  sti’ongly  heated  ; 
phos])horus  vajiour  is  evolved  and  is  condensed  under  water 
while  hydrogen  and  carbonic  oxide  escape. 

4H  PO3  -I- 1 2C  = P^  -t-  2 -H  1 2CO 

The  j)hos))horus  is  purified  by  melting  under  water  contain- 
ing sul])huric  acid  and  potassium  bichromate,  and  is  filtered 
through  canvas  and  cast  into  sticks. 

Properlie.s'. — Phosj)horus  is  “a  semi-transparent,  wax-like 
solid  (in  sticks  or  cakes),  which  emits  white  vajiours,  and  is 
luminous  in  the  dark  when  exposed  to  the  air.  Sp.  gr. 
T77.  It  is  soft  and  flexible  at  common  temperatures,  melts 
at  110°  1’.  (43’3°  C.),  ignites  in  the  air  at  a temj)erature  a 
little  above  its  melting-])oint,  burns  with  a luminous  flame 
and  produces  dense  white  fumes.  It  is  insoluble  in  water,” 
but  soluble  in  ether,  in  boiling  oil  of  turj)entine,  in  carbon 
bisulphide,  absolute  alcohol,  and  chloroform.  It  is  soluble 
in  oil  which  has  been  previously  heated  for  a short  time  to 
about  300°  F.  (148’8°  expel  moisture — 1 i)art  in  99  by 
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weii^ht  of  dried  almond-oil  constituting  Phosjihorated  Oil 
{Oleum  Phosphoralum,  B.P.).  A mixture  of  phosphorus  with 
beeswax,  lard,  and  kaolin  forms  the  official  Phosphorus  Pill 
{Pilula  Phosphori,  B.P.). 

Granulated  or  pulverulent  phosphorus  is  obtained  by 
placing  a quantity  of  phosphorus  under  equal  parts  of 
alcohol  and  water  in  a bottle,  standing  the  bottle  in  warm 
water  till  the  phosphorus  melts,  then  inserting  the  stopper 
(glass,  not  cork),  and  shaking  the  whole  till  cold. 

Red  or  “ Amorphous  ” Phosphorus. — Ordinary  phosj)horus 
when  kept  at  a temperature  of  about  450°  F.  (232’2°  C.)  in  an 
atmosphere  from  which  air  is  excluded,  becomes  red,  oj>aque, 
and  insoluble  in  liquids  in  which  ordinary  phos2)horus  is 
soluble.  The  red  modification  of  phosphorus  obtained  in 
this  way  undergoes  oxidation  extremely  slowly,  and  only 
ignites  when  heated  to  near  500°  F.  (260°  C.).  'I'hough  long 
regarded  as  amorphous  and  still  known  as  amorphous  phos- 
phorus, its  structure  is  really  crystalline.  It  is  used  in  the 
manufacture  of  several  varieties  of  matches,  and  it  has  the 
advantage  of  not  emitting  the  j)oisonous  fumes  given  off  by 
ordinary  phosphorus. 

(piaulivalence.- — ^Phosphorus  is  a quinquivalent  element,  as 
seen  in  the  pentachloride,  PCI-,  and  oxychloride,  POCI3 ; but 
it  often  exhibits  trivalent  activity,  as  seen  in  the  trichloride, 
PCl.j,  and  trihydride,  PHg. 

.Molecular  formula. — 'I'he  vaj)our  density  of  phosphorus 
corresponds  to  the  molecular  formula,  l(j.  Phosphorus  in 
the  state  of  vapour  thus  differs  from  oxygen,  hydrogen, 
chlorine,  etc.,  by  having  four  atoms  in  its  molecule,  wliilst 
these  elements  have  only  two. 

Zinc  phosphide,  'Znf\^,  is  included  in  the  U.  S.  Pharma- 
copa-ia. 

Phosphoric  Acid 

I he  chief  use  of  j)hosphorus  in  pharmacy  is  for  the  pro- 
duction of  Diluted  Phosphoric  Acid.  Phos])horus  is  boiled 
with  nitric  acid  and  water  until  it  di.sapi)cars.  The  solution, 
evaporated  to  a small  volume  to  remove  nitrous  comj)ounds 
and  diluted  until  the  jiroduct  has  a sj).  gr.  of  F5^ 
contains  about  two-thirds  (GG-:l  per  cent.)  of  phosphoric  acid, 
H3PO.,,  and  one-third  water,  and  is  the  Acidum  Phosphoric, nu 
( ouceniralum,  B.P.  The  latter,  diluted  so  .as  tn  contain  nearly 
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14  (13‘8)  per  cent,  ot  phosphoric  acid  (equivalent  to  10  per 
cent,  of  phosphoric  anhydride,  constitutes  the  Acidmn 

Phosphoricinn  Diliihim,  B.P.,  a colourless  sour  liquid  of  sp. 
gr.  1-08.  If  the  necessary  appliances  are  at  hand,  speci- 
mens may  be  prepared  as  follows : — Three-quarters  of 
an  ounce  of  tlie  conccnh-atcd,  or  a quarter  of  a pint  of  the 
diluted,  phosphoric  acid  is  made  by  boiling  together  103 
grains  of  phosjjhorus,  IJ  fluid  ounces  of  the  oflicial  nitric  acid, 
and  2 ounces  of  water  in  a flask  attached  to  a vertical  con- 
denser (or  some  such  arrangement  whereby  the  condensed 
products  arc  returned  to  the  flask)  until  the  phos2)horus  has 
disapjieared. 

3P.,  + 20HNO,,  + 8H2O  = 12H3PO.J  + 20NO 

l’hoKplioru«  Nilric  acid'  Water  I’liosidioric  acid  Nitric  oxide 

'J'he  licpiid  remaining  in  the  flask  is  then  transferred  to  a 
dish  (})referably  of  j)latinum),  evaporated  down  to  about  half 
an  ounce,  and  then  diluted  with  the  necessary  quantity  of 
distilled  water. 

The  use  of  the  water  in  the  earlier  {)art  of  the  jn'oeess  is 
to  moderate  the  reaction.  Hot  concentrated  nitric  acid 
oxidizes  phosjjhorus  with  almost  explosive  raj)idity,  hence 
the  acid  must  be  diluted  in  the  first  instance,  and  the  dilu- 
tion must  be  maintained  to  jirevent  the  acid  from  becoming 
too  concentrated  by  loss  of  water.  Time  is  saved  b^^  using 
concentrated  acid,  but  in  that  case  constant  supervision  is 
necessary  in  order  that  water  may  be  added,  or  the  temjiera- 
ture  otherwise  reduced,  should  the  action  become  too  violent. 
Deficiency  of  nitric  acid  must  also  be  avoided,  or  some 
phosjfliorous  acid,  HgPOg,  will  be  formed. 

Markoe,  also  to  economize  time,  modified  the  jirocess  by 
adding  for  every  ounce  of  f)hosphorus  4 or  5 grains  of  iodine 
and,  ciro})  by  drop,  25  or  30  drojis  of  bromine.  The  iodine 
and  bromine  unite  with  the  phosphorus  readily,  or  even  with 
violence  that  would  be  exj)losive  if  not  controlled  by  the 
[)resence  of  the  cold  fluids  (further  cooled,  if  necessary,  by 
immersing  the  vessel  in  cold  water).  In  the  course  of  the 
reaction  it  may  be  assumed  that  j)hosphorus  iodide  and 
bromide  are  first  formed.  These  in  the  presence  of  water 
immediatelj' yield  hydriodic  and  hydrobromic  acids  (HI,  Hllr) 
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and  phosphoric  acid.  The  nitric  acid  attacks  the  hjdriodic 
and  hydrobromic  acids,  yielding  the  lower  oxides  of  nitrogen 
(which  esca}ie  as  gas),  water,  and  free  iodine  and  bromine. 
The  latter  unite  with  more  jdiosjihorus,  and  the  reactions  are 
repeated.  This  carrying  power  of  a small  quantity  of  iodine 
or  bromine  or  botli  would  perhaps  be  indefinitely  prolonged 
if  no  vapour  of  these  elements  or  of  hydriodic  and  hydro- 
bromic acids  escaped  with  the  gases.  The  phosphorus 
having  disappeared,  excess  of  nitric  acid  is  mostly  got  rid  of 
by  dropping  in  clean  rags  or  jiaper  (nitric  oxide,  carbonic 
anhydride,  and  water  being  formed)  and,  the  last  portions, 
by  adding  oxalic  acid  (which  even  more  readily  yields  similar 
})roducts).  Evaporation  to  a syrupy  consistence  finally 
removes  all  traces  of  iodine,  bromine,  oxalic  acid,  and  moisture. 
The  j)roduct  is  then  diluted  to  any  required  extent. 

Experimmlcd  process. — A flask,  into  the  neck  of  which  a 
funnel  is  inserted,  while  a second  funnel  is  inverted  so  that  its 
mouth  rests  within  the  mouth  of  the  first, 
is  an  eflicientand  convenientarrangement 
of  heating  and  condensing  apparatus  for 
this  process,  especially  if  the  operation 
be  conducted  slowly.  (.See  fig.  39.) 

Solution  of  phosphoric  acid  eva- 
porated to  a sp.  gr.  of  T850  yields  a 
mass  of  [n-ismatic  crystals, 
especially  if  a crystal  or  two  of  the  acicl 
from  a previous  preparation  be  dropped 
into  the  fluid  (Cooper),  Further  eva- 
porated, it  leaves  a residue  which  melts 
at  a low  red  heat,  yielding  J>j/ro- 
phosp/ioric  acid,  and  finally, 

mclajdio.sp/iorir  aciil,  HPO.j  [Glacial  Plio.s- 
plioric  Acid).  (Compare  p.  381.) 

A commercial  variety  of  j)hosphorie  acid,  containing  no 
large  amount  of  impurity,  is  prepared  by  thoroughly 
digesting  a mixture  of  bone-ash,  sulphuric  acid,  and  water; 
filtering,  concentrating,  precipitating  calcium  by  means  of 
concentrated  sulphuric  acid;  and  heating  until  sulphuric 
acid  vapours  cease  to  escape.  It  is  also  prepared  by  burning 
p losphorus  so  as  to  obtain  phosjihoric  anhydride,  dissolving 
the  latter  in  water,  and  boiling  with  a little  nitric  acid  to 
oxidize  any  lower  acids  of  phosiihorus  and  to  cause  any 


360 


THE  ACID  RADICALS 


meta-  or  pyro-phosphoric  acid  to  take  up  the  elements  of 
water  and  form  ordinary  or  orthophosphoric  acid. 

Prepared  from  bones,  phosphoric  acid  is  apt  to  develop 
fungoid  deposits  (Jensen).  Prepared  from  phosphorus,  it 
occasional!}'  contains  arsenium  in  the  form  of  arsenic  acid. 
Tlie  latter  is  detected  and  removed,  together  with  any  traces 
of  platinum  or  lead,  by  passing  hydrogen  sulphide  for  some 
time  tlu-ough  the  warmed  acid. 

(^iianlivalence. — Tlie  acid  radical  of  the  ordinary  phos- 
j)hates,  or  orlhophosphales,  is  trivalent  (PO^'").  By  the 
replacement  of  all  or  of  a part  of  the  replaceable  hydrogen 
of  ortho])hosplioric  acid,  MgPOj,  trimetallic  phosphates 
(M'gPO^),  dimetallic  acid  phosphates  (M'gHPO^),  or  mono- 
metallic acid  phosphates  obtained.  The 

j)hosphates  met  with  in  nature  or  used  in  pharmacy  are  all 
orthoj)hospliates. 

Crude  dry  calcium  phosphate  ground  with  sulphuric 
acid  yields  the  very  largely  used  artificial  manure  termed 
“ superphosjihate.”  It  contains  acid  calcium  ])hosphate, 
CaH^(PO^)g,  2HgO,  and  calcium  sulphate,  CaSO^  2H^O. 

'I'he  rarer  pyro])hosphates  and  metaphosphates,  as  well  as 
the  phosphites  and  hypophosjdiites,  will  be  mentioned 
subsequently. 

Aiicilplical  Reactions  of  Orlhophosphales. 

1.  To  an  acpieous  solution  of  a phosphate  (e.g.,  NagHPO  j) 
add  solution  of  magnesium  sulphate  or  chloride  with  which 
ammonium  chloride  and  ammonia  have  been  mixed  (“mag- 
nesia mixture  ”)  ; a white  crystalline  precipitate  of  ammonium 
magnesium  phosphate,  NH^MgPO^,  is  jiroduced. 

Ammonium  chloride  is  added  to  prevent  the  jirecipitation 
of  magnesium  hydroxide.  Arsenates,  which  have  close 
analogy  with  phosphates,  give,  with  magnesia  mixture,  a 
])reci])itate  of  analogous  composition. 

2.  To  an  aqueous  solution  of  a })hosphate  add  solution  of 
silver  nitrate;  light  yellow  silver  phosphate,  Aggl’O.,,  is 
j)recipitated — completely,  if  the  mixture  be  neither  acid  nor 
alkaline.  To  a j)ortion  of  the  precipitate  add  ammonia;  it 
dis.solves.  'I'o  another  portion  add  nitric  acid  ; it  dissolves. 
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By  the  first  part  of  this  reaction  phosjjhates  may  be  dis- 
tinguished from  their  close  allies,  the  arsenates,  silver 
arsenate  being  brown. 

3.  To  a solution  (in  a few  drops  of  acid)  of  a phosphate 
insoluble  in  water  (c.g.,  Ca3(PO^)o)  add  an  alkali-metal 
acetate  (easily  made  by  adding  excess  of  acetic  acid  to 
caustic  soda  or  to  ammonia  in  a test-tube),  and  then  a drop 
or  two  of  solution  of  ferric  chloride ; a yellowish  white 
precipitate  of  ferric  j)hos})hate,  FcPO^,  is  produced,  insoluble 
in  acetic  acid.  Too  much  ferric  chloride  must  not  be  added, 
or  ferric  acetate  will  be  })roduced,  in  which  the  ferric 
phosphate  is  to  some  extent  soluble. 

'To  remove  the  whole  of  the  phosphoric  radical  from  the 
solution  add  ferric  chloride  so  long  as  a precipitate  is  pro- 
duced, and  boil ; ferric  phosphate  and  oxyacetate  are  j)re- 
cipitated. 

To  obtain  conjirmaton/  evidence  of  the  presence  of  phos- 
phate in  this  ])recipitate  (and  to  separate  the  phosj)horie 
radical  as  a phosphate  of  more  characteristic  appearance), 
collect  the  precipitate  on  a filter,  wash,  drop  some  solution  of 
ammonia  on  it,  theu  ammonium  hydrosulphide,  and  finally 
wash  with  water ; black  ferrous  sul{)hide  remains  on  the 
filter,  while  ammonium  phosphate  is  present  in  the  filtrate. 
To  the  filtrate  add  magnesia  mixture  and  stir  well ; a granular 
precipitate  of  ammonium  magnesium  j)hos})hate  appears. 

1.  Dissolve  a little  calcium  phosphate  (or  any  other  phos- 
phate) in  dilute  nitric  acid,  add  solution  of  ammonium  molyb- 
date,* and  heat  gently  ; a yellow  precipitate  is  produced. 
1 his  precipitate  contains  what  is  somewhat  indefinitely  termed 

* Molybdenum  much  re.sembles  lead,  licucc  the  uame  of  the  metal, 
from  moluhdos,  lead.  yVmmouium  molybdate,  (Nll,).,MoO,, 

isobtauR-d  by  roasting  the  native  molybdenum  sulphide,  MoS“„  .so  as 
o C()nyert  it  into  molybdie  oxide  or  anhydride,  MoU ,,  mixing  the  latter 
1 water,  adding  ammonia,  evapor.ating  and  crystallizing.  Molvb- 
Uates  having  the  tornmliE  xM.,.\loO.  ; MliMoO,  ; MllMoU,,  IT.M.iO, 
t*  1 univalent  atom  of  any  metal)  have  beni  obtained.  Cominereial 
ammonium  molybdate  is  commonly  the  intermediate  salt. 
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phospho-molybdic  acid — a compound  of  molybdic  acid  and 
phosplioric  acid  (about  4 per  cent,  of  H^PO^)  with  ammonia 
(nearly  7 per  cent.). 

According  to  von  Juptner  tartaric  acid,  even  in  large 
exces.s,  does  not  prevent  the  complete  precipitation  of  phos- 
phoric acid  by  molybdate  solution.  The  addition  of  tartaric 
acid  to  the  molybdate  solution  or  to  the  phosjdiate  is  there- 
fore to  i)c  recommended,  to  prevent  the  contamination  of  the 
yellow  precipitate  with  ferric  compounds. 

Note. — The  foregoing  two  reactions  are  useful  in  the 
analysis  of  bone-eartli,  of  other  earthy  phosphates,  iron  phos- 
phate, and  all  jdiosphates  insoluble  in  water.  Only  arsenates 
give  similar  appearances  ; but  the  acid  solution  of  these  may 
be  decomposed  by  agitation  with  sulphurous  acid,  ebullition, 
and  subseejuent  treatment  with  hydrogen  sulphide — yellow 
arsenious  sulphide,  AS2S3,  being  then  jweeipitated. 

Other  Anahjlical  Reactions  of  Phosphates. — Solutions  of 
barium  and  calcium  salts  give,  with  aqueous  solutions  of  phos- 
phates, white  preci])itates  of  the  respective  phosphates, 
Hal  IPO.,,  or  Ba3(PO.,),,,  and  CallPO,,  or  Cag(P04)2,  all  of 
which  are  soluble  in  acetic  and  the  stronger  acids. 


QUESTIONS  AND  EXERCISES 

State  the  direct  and  indirect  sources  of  phosphorus. ^ — Give  equa- 
tions exjjlanatory  of  the  isolation  of  phosphorus  from  its  compounds. 
— Enumerate  the  properties  of  phosphorus. — Mention  some  solvents  of 
jihosphorus. — How  are  the  two  chief  varieties  of  phosphoric  acid  made  i 
Describe  the  precautions  to  be  observed  in  making  this  acid. — 
are  the  strengths  of  the  official  acids? — Write  formulae  illustrative  of 
all  classes  of  orthophosphates. — What  is  the  composition  of  farmers 
“superphosphate,”  and  how  is  it  prepared? — Mention  the  chief 
tests  for  soluble  and  insoluble  phosphates. — By  what  reactions  may 
))hosphates  be  distinguished  from  arsenates  ? 


Vanadium,  V,  50’8,  is  a very  rare  element,  and  is  here 
mentioned  only  because  of  its  exceedingly  interesting  relation- 
ship to  nitrogen,  phosphoru.s,  arsenium,  and  antimony;  along 
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with  which  it  forms  a series  of  five  closely  allied  elements. 
Discovered,  but  not  isolated,  by  Sefstrom,  and  its  compounds 
investigated  by  Berzelius,  it  was  obtained  in  the  free  state 
and  fully  studied  by  Iloscoe. 

The  subjoined  formulae  illustrate  the  resemblance  in  com- 
position between  some  of  the  compounds  of  vanadium  and 
those  of  nitrogen  and  phosphorus  : — 

N0O5,  N2O3,  NO,  N./).  V.O.,  V/),,  V2O3,  VO,  V^O. 

Orthophosphates  . R'gPO^  Orthovanadates  . li'gVO, 

Pyrophosphates  . 1T^P„0-  Pyro  vanadates  . Il'^V^O- 

Metajihosphates  . R'POg  Metavanadates  . R'VOg 


Isomorphoiis  Minerals. 


Apatite 
Pyromorphite 
Mimetesite  . 
Vanadinite 


3Ca3(PO,).„  CaF„ 
3Pb3(PO,);,  PbCl., 
3Pbg(AsOj2,  PbCl., 
3Pb3(VO,J.„  PbCl/ 


BORIC  ACID,  H3BO3,  and  other  Borates 

The  element  huron,  like  carbon,  occurs  in  the  amorphous, 
graphitoidal,  and  crystalline  conditions.  It  is  a trivalent 
element  yielding  halogen  compounds,  such  as  the  chloride, 
BClj,  and  fluoride,  BPg.  Its  atomic  weight  is  10'85. 
j The  composition  of  crystallized  boric  acid  (also  called 
! boracic  acid),  is  exprcs.scd  by  the  formula  H3BO3 ; but  at  a 
temj)erature  of  212°  F.  (100°  C.)  this  conij)ound  loses  the 
elements  of  water  and  yields  inetaboric  acid,  lIBO.„  which, 
by  further  loss  of  water  at  higher  temj)eratures,  becomes 
boric  anhydride,  BgOg.  Metaboric  acid  exists  in  the  jets 
of  steam  (fiwiaro/es  or  snj/ioni)  that  issue  from  the  earth  in 
some  di.stricts  of  luscany,  and  it  (collects  in  the  water  of  the 
lagoni  (lagoons  or  little  lakes)  formed  at  the  orifices  of  the 
steam  channels.  Ihis  acid  li(juid,  evaporated  by  aid  of  the 
Waste  natural  steam,  and  neutralized  by  addition  of  sodium 
carbonate,  yields  borax.  'J'his  salt  is  usually  regarded  as 
sodium  pyroborate,  NagB/;^,!!)!!./)  , analogous  in  a sense 
to  potassium  bichromate,  K2Cr207!‘  Native  borax,  or  lineal, 
and  other  liorates,  are  also  found  in  'riiil)et,  Nevada,  Peru, 
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Chili,  and,  abundantly,  in  California  in  the  Colorado  district. 
Californian  borax  is  rei)resented  as  forming  large  portions 
of  the  crystalline  bed  of  a dried-up  lake.  Borax  is  also 
made  on  a large  scale  by  boiling  native  calcium  borate  with 
sodium  carbonate.  It  is  sometimes  termed  sodium  biborate. 
Its  official  names  are  Borax,  B.P.,  and  Sodii  Boras,  U.S.P. 
It  occurs  “in  trans])arent  colourless  crystals,  sometimes 
slightl}'  eHloresced,  with  a w'eak  alkaline  reaction  ; insoluble 
in  alcohol  (90  ]>er  cent.),  soluble  in  25  times  its  weight  of 
cold,  and  in  half  its  weight  of  boiling,  water.” 

Fused  borax  readily  dissolves  metallic  oxides,  as  will  have 
been  noticed  already  in  testing  for  cobalt  and  manganese 
(comj)are  experiment  3,  p.  153,  and  exjjeriment  3,  ]).  150). 
Hence,  besides  its  use  in  medicine,  borax  is  emjdoyed  as  a 
Hux  in  refining  and  other  metallurgic,  and  in  ceramic, 
operations ; it  is  also  an  ingredient  in  starch  glazes. 
Ghfcerinum  Boracis,  B.F.,  is  a solution  of  borax  in  glycerin. 
Borax  honey  formed  of  2 parts  of  borax  to  IG  of  honey,  is  a 
very  old  antisei)tic  for  the  mouths  of  infants  troubled  by  the 
growth  called  “thrush,”  the  ollicial  ])re]mration  {Mel  Boracis, 
B.F.)  containing,  in  addition  to  the  foregoing,  1 part  of 
glycerin. 

(^aantiva/eiice. — The  acid  radical  of  the  borates  is  trivalent 
(BOg"');  that  of  the  metaborates  univalent  (BO^'). 

Kxpcrhneid  1. — To  a hot  concentrated  solution  of  borax 
add  a few  drops  of  sulphuric  acid  and  set  aside;  on  cooling, 
crystalline  scales  of  boric  acid,  {Acid am  Boricum,  B.  1’.), 

are  obtained.  The  acid  may  be  purified  by  collecting  on  a 
filter,  slightly  washing,  drying,  digesting  in  hot  alcohol, 
filtering,  and  setting  aside ; pure  boric  acid  is  deposited. 
The  acid  may  also  be  recrystallized  from  water.  A 21  per 
cent,  solution  in  alcohol  (90  per  cent.)  constitutes  “ Solution 
of  Boric  Acid,”  B.P. 

Boric  acid  occurs  in  ‘^colourless,  jiearlj",  lamellar  crj’.stals 
or  irregular  masses  of  crystals  ; unctuous  to  the  touch  ; taste 
feebly  acid  and  bitter,  leaving  a sweetish  after-flavour  in  the 
mouth.  Soluble  in  30  ]>arts  of  cold  water,  in  4 of  gl3'cerin, 
in  30  of  alcohol  (90  per  cent.),  .and  in  3 of  boiling  water. 
It  changes  the  colour  of  litmus  to  wine-red  in  the  cold,  a 


BORATES 


365 


hot  saturated  solution  giving  a bright  red  eolour  ; turmerie 
paper,  moistened  with  an  aqueous  solution,  even  when 
slightl}'  acidulated  with  hydrochloric  acid,  becomes  brownish- 
red  on  gently  drying,  and  this  colour  changes  to  a greenish- 
black  if  solution  of  potassium  hydroxide  be  added.  The 
solution  in  alcohol  burns  with  a flame  tinged  with  green, 
especially  when  the  solution  is  acidulated  with  suljjhuric  acid. 
Boric  acid  liquefies  when  warmed,  and  on  careful  heating 
loses  43’6  per  cent,  of  its  weight,  the  product  solidifying, 
on  cooling,  to  a brittle  glass-like  mass.”  A solution  of 
boric  acid  in  glycerin  is  official  (^Gti/cermmn  Acidi  Burici,  B.P.). 

Boric  acid  is  a very  weak  acid  and  only  slowly  decom- 
])oses  carbonates  ; a solution  of  borax  possesses  a strongly 
alkaline  reaction. 

Boric  acid  is  extensively  used  as  an  antiseptic  in  the 
preservation  of  foods,  especially  in  the  jn-oduction  of  “ mild- 
cured  ” bacon  and  ham,  etc. 

Experiment  2. — Mix  together  1 jiart  of  boric  acid,  4 parts 
of  acid  potassium  tartrate,  and  10  to  20  of  w^ater ; evaporate 
to  a syrujiy  consistence,  spread  on  plates  and  set  aside  for  dry 
scales  to  form.  The  resulting  substance  is  far  more  readily 
soluble  in  water  than  either  of  its  constituents,  and  is  known 
as  pula.ssium  horo-tarlrale,  or  soluble  cream  of  tartar.  The 
Prussian  tartarus  boraxalus  differs  from  the  foregoing  French 
variety  in  containing  1 part  of  borax  to  3 of  acid  potassium 
tartrate. 


Analytical  Reactions  of  Borates. 

1.  Dip  a piece  of  turmeric  paper  (]>aper  .soaked  in  tincture 
j of  turmeric  tubers  and  dried)  into  a solution  of  boric  acid  ; 
; it  is  coloured  brown-red,  as  by  alkalies. 

■ Ihe  usual  mode  of  applying  tliis  test  is  as  follows  : — Add 

to  a solution  of  any  borate  a few  drops  of  hydrochloric  acid, 
immerse  half  of  a slij)  of  turmeric  jiaper  in  the  liquid,  then 
ry  the  |)aper  over  a Bunsen  Hanie  to  develop  the  brown 
CO  our.  (Concentrated  hydrochloric  acid  or  ferric  chloride 
would  produce  a somewhat  similar  change  of  colour.)  Place 
a drop  of  caustic  soda  solutioii  on  the  browned  turmeric 
paj)er  : a dark  green  colour  is  produced. 
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'1.  To  a fragment  of  a borate,  jiyroborate,  or  metaborate 
(borax  may  be  used)  in  a small  dish  or  watch-glass,  add  a 
drop  of  concentrated  sulphuric  acid  and  then  a little  alcohol ; 
warm  the  mixture  and  set  fire  to  the  alcohol : the  resulting 
Hame  is  tinged  green  at  its  edges  by  the  volatilized  metaboric 
acid. 

'I'lie  li(|uid  should  be  well  stirred  while  burning.  Salts  of 
copj)er  and  some  metallic  chlorides  produce  a somewhat 
similar  colour.  The  fiame-test  may  also  be  aj)])lied  to  a small 
(piantity  of  a mixture  of  the  borate  with  sulj)huric  acid  on  a 
j)latinum  wire.  Glycerin  may  be  used  instead  of  sulphuric 
acid  (lies),  the  reaction  with  borax  being,  according  to 
Dunstan,  the  formation  of  glyceryl  borate,  CgH^BOg,  water, 
and  sodium  metaborate  ; the  glyceryl  borate  and  water  inter- 
acting immediately  to  form  boric  acid  and  glycerin.  If  the 
borax  and  the  glycerin  are  both  anh3’drous  no  boric  acid  is 
formed  as  the  water  resulting  from  the  decomposition  is 
immediately  volatilized  by  the  heat. 

Other  Annhjtical  Reacliom. — In  a moderately  concentrated 
solution  of  borax,  a barium  salt  j)roduces  a white  precipitate 
of  barium  metaborate,  Ba(BO^).j,  soluble  in  acids  and  certain 
salts.  Silver  nitrate  also  affords  a white  preeijntate  of  silver 
metaborate,  AgBOo,  soluble  in  nitric  acid  and  in  ammonia. 
Calcium  chloride,  if  the  solution  is  not  too  dilute,  gives  a 
white  precipitate  of  calcium  metaborate,  Ca(B()2)g. 


QUESTIONS  AND  EXERCISES 

Illustrate  the  relations  of  vanadium  to  nitrogen  and  to  phosphorus 
by  formulae  of  compounds  of  each  element. — Describe  the  preparation 
of  borax.— Give  the  formulae  of  boric  acid,  metaboric  acid,  and  borax. 
— Mention  the  tests  for  borates  or  metaborates. 


The  foregoing  aeids  mid  salts  comprise  those  which  are 
commonly  employed  in  ordinary  medical  or  pharmaceutical  opera- 
tions. There  arc,  however,  many  others  which  arc  occasionally 
n.sed.  The  chief  of  these  will  now  he  shortly  noticed ; they  are 
arranged  in  alphahcticat  order  to  facilitate  rejerence. 
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Benzoic  Acid,  and  other  Benzoates. — Slowly 

heat  a fragment  of  benzoin  (Gum  Benjamin)  (^Bensoinmn, 
B.B.)*  in  a test-tube;  benzoic  acid  (^Acuhmi  Bensoicuvi,  B.P.) 
rises  in  vapour  and  condenses  in  small,  white,  feathery  jdates 
and  needles  on  the  cool  sides  of  the  tube.  If  the  benzoin  is 
first  mixed  with  twice  its  weight  of  sand  or  roughly  pow'dered 
pumice-stone,  and  the  heat  very  cautiously  applied,  the  pro- 
duct will  be  less  likely  to  be  burnt,  and  a larger  quantity 
will  be  yielded.  By  repeated  sublimation  10  to  15  per  cent, 
may  be  obtained. 

A more  economical  jirocess  is  to  boil  the  benzoin  with 
one-fourth  its  weight  of  calcium  hydroxide,  filter,  concen- 
trate ; decompose  the  dissolved  calcium  benzoate  by  adding 
hydrochloric  acid ; collect  the  precipitated  benzoic  acid, 
jiress  between  filter-paper,  dry,  and  sublime  in  a tube  or 
other  vessel. 

2HC-H,0,  + Ca(OH).,  = Ca(C.HA),)„  + 2H.,0 

Hfiizoic  acifl  C.-ilcium  Calcium  “ " W.atev 

(impure)  hydroxide  benzoate 


Ca(C.H  p^,),  2HC1  - CaCI.,  + 2HC-Hp, 

Calcium  Hydrochloric  Calcium  Hciizoic  acid' 

txmzoate  acid  chloridif  (liiini) 

There  is  always  associated  with  the  product  a minute 
quantity  of  a mixture  of  volatile  oils  of  agreeable  odour, 
suggesting  that  of  hay,  and  yielding,  according  to  Jacobsen, 
methyl  benzoate,  guaiacol  (metlioxycatechol),  catechol, 
acetylguaiacol,  benzyl  benzoate,  benzophenone,  and  benzoyl- 
guaiacol. 


Benzoic  acid  is  also  |)rcparcd  on  a large  scale  artificially 
from  naphthalin,  one  of  the  crystalline  by-products  in  the 
distillation  of  coal  for  gas.  'I’he  na])hthalin  is  oxidized  by 
nitric  acid  to  najihthalic  or  plithalic  acid  ; 


C„H  + 80  = II.POI.O, 

Naphthalin  OxyKiui  I’hlhalic  achl 

"I  he  plithalic  acid  is  neutralized 


+ 


by  adding 


H/U), 

Oxalic  aci<l 
lime,  and  the 


Sumatra  benzoin  (excluding  wood)  is  soluble  in  ether,  and  the 
I dissolved  siib.stance  yields  O'Ol  per  cent,  of  ash. 
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calcium  plitlialate  is  lieated  witli  calcium  hydroxide  for 
several  hours  in  a covered  vessel  at  a temperature  of  about 
G40°  F.  (337'8°  C.).  Calcium  benzoate  and  carbonate  are 
formed,  and  benzoic  acid  is  set  free  by  the  action  of  hydro- 
chloric acid  on  the  mixture. 


2CaCsH.,0,  + Ca(()H)„ 

Culciiim  CaViiim 

phtlmlalo  hydroxide* 


Ca(C.H,0,),  -f  2CaC()3 

Calcium  Calcium 

boiizoatc  carbonate 


I be  cry.stalline  dejiosit  formed  when  oil  of  bitter  almonds 
(benzoic  aldehyde  or  benzaldebyde)  is  exposed  to  the  air  is 
lienzoic  acid. 


2C,,H,C()II  + ().,  = 2(',M-C()OH  or  2110-11^,0., 

Ilcmzalilcliyrlc  Oxy},mM  ' Jicnzoic  acid 

Pure  sublimed  benzoic  acid  is  ;ilso  obtained  from  bippuric 
acid  (p.  372). 

Jacobsen  has  prepared  benzoic  acid  from  benzotricbloride 
(tricblorometbylbenzene,  Ci.H^CCl.,,  one  of  the  tricbloro- 
toluenes)  by  beatinpf  with  glacial  acetic  acid  aiid  zinc  chloride. 
This  acid,  if  not  very  highly  juirilied,  may  give  a green 
colour  to  the  Hame  when  heated  on  platinum  wire  with  a 
little  co))pcr  oxide.  In  artificial  benzoic  acid  the  fragrant 
volatile  oil  characteristic  of  the  acid  from  benzoin  is  absent. 


Propeiiicx.  - llenzoic  acid  is  slightly  soluble  in  cold  water, 
more  so  in  hot,  and  readily  soluble  in  alcohol  (90  per  cent.). 
It  melts  at  248°  F.  (120°  C.)  and  boils  at  462°  F.  (238-8°  C.), 
volatilizing  with  only  a slight  residue.  Heated  with  lime 
it  yields  benzene.  It  dissolves  in  cold  sulphuric  acid  with- 
out decomjjosition,  and  is  deposited  again  on  dilution  ; the 
traces  of  odoriferous  and  other  substances  present  in  the 
acid  obtained  from  benzoin  only  slightly  colour  the  fluid, 
even  on  warming  gently. 

Official  benzoatex.— To  a little  benzoic  acid  add  a few 
drops  of  solution  of  ammonia  or  of  sodium  carbonate  ; the 
acid  readily  di.ssolves,  forming  the  corresjionding  benzoate 
(^Ammonii  Benzoax,  15. P.,  NH|C-H,,0.„  or  Sodii  Hciizoax,  11. P., 
NaC-HrjOg).  With  solution  of  ammonia  the  reaction  is  : — 

+ NH,,  = 

lionzoic  acicl  Ammonia  Ammonium  Ixmzoatn 
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On  evuporaliiig  the  solution,  which  is  kej)t  slightly  alkaline 
throughout  the  evaporation  by  the  addition  of  ammonia, 
crystals  of  ammonium  benzoate  are  deposited.  Benzoic  acid 
also  interacts  with  other  alkaline  liquids,  forming  benzoates. 

Test  for  benzoates. — To  a solution  of  a benzoate  add  a dro]) 
or  two  of  sulphuric  or  hydrocliloric  acid  ; a white  crystalline 
preci})itate  of  benzoic  acid  separates.  To  another  portion  of 
the  solution,  carefully  made  neutral  if  necessary,  add  a drop 
or  two  of  neutral  solution  of  ferric  chloride  ; a reddish  preci- 
pitate of  ferric  benzoate  results. 


Cacodylic  Acid  (CH3).,AsO'OH. — This  is  a crystalline 
acid  which  is  formed  on  exposure  to  air  of  cacodyl  oxide, 
(CH3)^As.,0  (Cadet’s  fuming  liquid),  an  exceedingly  poisonoius 
and  evil-smelling  liquid  produced  by  heating  a mixture  of 
arsenious  anhydride  and  potassium  acetate.  Sodium  cacodyl- 
ate,  (CH3).^AsO.,Na,  .3HA),  ferric  cacodylate,  [(CH3).,As02]3l’e, 
and  some  other  salts  are  now  used  in  medicine. 

A salt  somewhat  analogous  to  sodium  cacodjdate,  corre- 
sponding to  the  acid  CHgAsO(OH).,  (methyl-arsonic  acid), 
and  represented  by  the  formula  CH3AsO(ONa).„  5H.,0,  has 
been  introduced  into  medicine  under  tlie  name  arrhenal. 
This  salt  has  been  called  sodium  methyl  arsenate,  a name 
which  is  quite  inappropriate  as  the  salt  is  not  an  arsenate. 

Caiiminic  Acid,  — This  is  the  colouring  jn-in- 

ciple  (about  10  jier  cent.)  of  the  dried  female  cochineal  insect. 
Coccus  Cadi,  {C'.occus,  B.P.).  Tlie  carmine  of  trade,  when 
unadulterated  {sec  F.  ,/.,  1859-60,  p.  .546)  is  carminic  acid 
associated  with  2 or  3 jicr  cent,  of  alumina  and  lime, 
or,  occa.sionally,  of  tin  oxide  or  albumen.  It  should  be 
wholly  soluble  in  solution  of  ammonia,  giving  a edear,  ricli 
])urple  licpiid.  Carmine  with  French  chalk,  or  starch,  con- 
stitutes /«cc  rouge  or  animal  rouge. 

Merrick  tests  the  relative  value 
cochineal  or  carmine  by  observing 
potas.sium  permanganate  is  reijuired 
of  a decoction  t( 
cochineal  is  a wax,  coccenn. 

Cktuauic  Acid,  ll.Cigll 
Iceland  moss.  In  the  liclici 
starch.  \ fatty  acid,  liclicnste 


of  several 
how  much 
to 


change 


a faint  ])ink.  The  silvery 


samples  of 
solution  of 
the  colour 
coating  of 


14^  ^8’ 


IS 


it 

aric 


the  bitter  |)rinciph?  of 
is  associated  with  much 
acid,  is  also  prcscnl. 
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Cinnamic  Acid,  CgH,,COOH. — Benzoic  acid  is  distin- 
guished from  an  allied  acid,  cinnamic  acid  (occurring  in 
Balsams  of  Peru  and  Tolu,  in  Storax,  and  sometimes  in  Ben- 
zoin), by  not  yielding  benzaldehyde,  C^Hr^COH  (oil  of  bitter 
almonds),  when  distilled  with  a mixture  of  potassium  bichro- 
mate and  sulphuric  acid,  or  wdien  triturated  with  half  its 
weight  of  potassium  )iermanganate.  Old  hard  balsam  of 
toll!  yields  cinnamic  acid  on  boiling  with  lime  and  w'ater  and 
jirecipitating  by  the  addition  of  hydrochloric  acid.  Jacobsen 
makes  cinnamic  acid  artificially  by  the  prolonged  interaction 
of  glacial  acetic  acid  and  benzodichloride  in  the  presence  of 
zinc  chloride. 

Cyanic  Acid,  HCNO,  and  otheh  Cyanates. — The  reduc- 
ing action  of  jiotassium  cyanide,  KCN  (or  ferrocyanide, 
K ,KeC,.N|,)  on  many  metallic  oxides,  is  due  to  the  readiness 
with  which  it  takes  uj)  oxygen  and  forms  cyanate,  KCNO. 

Experiment. — Fuse  a few  grains  of  potassium  cyanide  in  a 
small  porcelain  crucible  and  add  ])owdered  lead  oxide ; a 
globule  of  metallic  lead  is  at  once  formed,  excess  of  the  oxide 
converting  the  whole  of  the  potassium  cyanide  into  potassium 
cyanate  KCN  + PbO  = KCNO  -f-  Pb. 

Potassium  cyanate,  KCNO,  or  better,  lead  cyanate, 
Pb(CNO),„  treated  with  ammonium  suljdiate,  yields  ammon- 
ium cyanate,  NH  ,CNO  ; and  solution  of  ammonium  cyanate, 
when  evaporated  to  dryness,  leaves  a residue  of  urea,  CON.,H^, 
the  most  important  constituent  of  urine,  and  the  chief  form 
in  which  the  waste  nitrogen  is  eliminated  from  the  animal 
system.  The  process  will  be  more  fully  described  subse- 
quently in  connection  with  urea. 

Emiielic  Acid,  HC'ijHj^O.^,  appears  to  be  the  active  jirin- 
ciple  of  the  vermifuge  fruit  of  Embelia  Ilihe.s  and  Ejubelia 
Rubusla  (Embelia,  B.P.  Add.  1900) — Warden. 

h'oiiMic  Acid,  HCIIO2.  The  red  ant  (Funnica  nrfa)  and 
several  other  insects,  when  irritated,  eject  a stronglj'  acid, 
acrid  liquid,  which  contains  formic  acid ; the  acid  is  also 
contained  in  the  leaves  of  the  stinging-nettle. 

Preparation. — Formic  acid  may  be  prepared  artificially  by 
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heating  ecjual  weights  of  oxalic  acid  and  glycerin  to  a tem- 
perature of  from  212°  to  220°  F.  (100°  to  104’4°  C.)  for 
fifteen  hours,  and  then  distilling  the  mixture  with  a consider- 
able volume  of  water.  The  formic  acid,  mixed  with  water, 
slowly  passes  over,  glycerin  being  regenerated.  The  dilute 
acid  may  be  obtained  in  a concentrated  form  by  neutralizing 
with  lead  carbonate,  filtering,  evaporating  to  a small  volume, 
collecting  the  deposited  crystalline  lead  formate,  drying, 
decomposing  in  a current  of  dry  hydrogen  sulphide,  at  212°  F. 
(100°  C.),  and  rectifying  the  resulting  syrui>y  acid  from  dry 
lead  formate.  It  should  be  fluid  at  48°  F.  (8'9°  C.)  and  boil 
at  212°  F.  (100°  C.).  The  following  are  the  chief  reactions  : — 

C3H,(0H)3  + H.,C,0,  = C3HT)HC30,  + 2H,0 

Glycerin  Oxalic  acid  Glyceryl  hydi'oxyoxalate  Water 

C3H.OHC3O,  + 2HoO  = C3Hj(OH)3  + HCHO.,  + CO, 

Glyceryl  Water  Glycerin  Furniic  Carbonic 

liydroxyoxalate  acid  anhydride 

I'ormic  Acid  may  be  instructively  though  not  economically 
Jirepared  by  the  oxidation  of  methyl  alcohol  (wood-sfiirit), 
just  as  acetic  acid  and  valerianic  acid  are  obtained  from 
ethyl  alcohol  and  amyl  alcohol  respectively — 

CH3OH  + 20  = HCOOH  + H,0 

Methyl  alcohol  Oxygen  Formic  acid  Water 

Tests. — Formic  acid  does  not  char  when  heated  alone 
or  with  sulphuric  acid,  but  splits  up  into  carbonic  oxide 
and  water.  It  is  recognised  by  this  jiroperty  and  by  its 
reducing  action  on  salts  of  gold,  platinum,  mercury,  and 
silver.  It  is  solid  below  32°  F.  (0°  C.). 

Gau.ic  Acid. — See  Tannic  Acid. 

Hkmidksmk;  .Acid.  — The  sujiposed  active  |)rinciple  of 
hemidesmus  root  (^Jlemidesmi  Radi.r,  15. F.). 

Hii’iujiuc  Acid,  110,3113X03,  is  a constituent  of  human 
urine  (much  increased  on  taking  benzoic  acid),  but  is  pre- 
pared fiom  tile  urine  of  the  horse  (hence  the  name,  from 
WTTos,  hippos,  a horse),  or  better,  from  that  of  the  cow.  To 
such  urine  add  a little  milk  of  lime,  boil  for  a few  minutes, 
lemoye  piecipitatcd  phosphates  liy  filtration,  drop  in  hydro- 
cliloric  acid  until  the  liquid,  after  well  stirring,  is  exactly 
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neutral  to  test-paper,  concentrate  to  about  one-eighth  the 
original  volume,  and  add  excess  of  concentrated  hydrochloric 
acid  ; impure  hij)puric  acid  is  deposited.  From  a solution 
of  the  imj)ure  acid  in  hot  water  chlorine  removes  the  colour, 
and  the  licpiid  deposits  crystals  of  pure  hippuric  acid  on 
cooling. 

y'c’.v/.v. — To  a solution  of  a hippurate  add  neutral  solution 
of  ferric  chloride ; a brown  ])recipitate  of  ferric  hippurate 
results.  Soluble  silver  and  mei-curous  salts  give  white  pre- 
cipitates. Heat  hipj)uric  acid  in  a test-tube  ; it  chars,  benzoic 
acid  sublimes,  and  vapours  of  characteristic  odour  are  evolved  ; 
they  contain,  amongst  other  products,  hydrocyanic  acid  and  a 
substance  smelling  somewhat  like  Tonka  bean.  The  crys- 
talline form  of  hij)puric  acid  is  characteristic ; it  will  be 
described  in  connection  with  the  subject  of  urine. 


QUESTIONS  AND  EXERCISES 

Give  the  preparation,  composition,  ]>roperties,  and  tests  of  benzoic 
acid,  employing  equations. — What  is  the  nature  of  carmine? — Name 
the  bitter  principle  of  Iceland  “moss.” — How  is  potassium  cyanate 
prepared,  how  converted  into  an  ammonium  salt,  and  what  are  the 
relations  of  the  latter  to  urea  ?— Give  the  formulm  of  cyanic  acid, 
ammonium  cyanate,  and  urea. — What  is  the  formula  of  formic  acid  ? — 
Describe  the  artificial  prodixction  of  formic  acid. — What  is  the  relation 
of  formic  acid  to  wood-spirit? — State  the  sources,  characters,  and  tests 
of  hippuric  acid. 


Hydrofehuocvanic  Acin,  H^FeCjjNi^,  or  H,,Fe(CN),;,  and 
OTHER  Ferrocyanides. — The  ferrocyanide  of  most  interest  is 
“ Potassium  Ferrocyanide,”  B.P.,  “yellow  prussiate  of  potash, 
K^FeC|.N,.,  3H.,0,  the  formation  of  which  was  alluded  to  in 
connection  with  hydrocyanic  acid  (xee  p.  300).  It  cannot  be 
regarded  as  simply  a double  salt  of  potassium  cyanide  with 
ferrous  cyanide  (4KCN,  Fe(CN)2),  its  chemical  jxrojxerties 
being  entirely  different  from  those  of  either  of  these  sub- 
stances ; moreover,  unlike  potassium  cyanide,  it  is  not  jxoison- 
ous.  Most  of  the  reactions  jioint  to  the  conclusion  that  in  it 
iron  and  cyanogen  are  intimately  united  to  form  the  cpiad- 
rivalent radical  apjn-opriatcly  termed  /tTmv/flwogcw (FeC,.N(.)''". 
A solution  of  1 part  of  potassium  ferrocyanide  in  20  of  water 
forms  the  official  “Solution  of  Potassium  Ferrocyanide,’  B.P. 
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Many  of  the  ferrocyanides  are  insoluble,  and  are 
therefore  precipitated  when  solution  of  potassium  ferro- 
cyanide  is  added  to  the  salts  of  the  various  metals.  The  pre- 
cipitates produced  in  solutions  of  iron  and  of  cupric  salts,  being 
of  characteristic  colour,  are  adopted  as  tests  for  the  presence  of 
these  metals  or  of  ferrocyanogen,  as  the  case  may  be.  To  a 
solution  of  potassium  ferrocyanide  add  a ferric  salt ; a dark 
blue  precipitate  of  ferric  ferrocyanide,  Fe^'"(FeC,;Ny)3'"', 
Prussian  blue,  is  produced.  To  another  portion  add  solution 
of  a cupric  salt ; a reddish-brown  precipitate  of  cupric  ferro- 
cyanide, CuoFeC^Nj^  results. 

^lote. — The  ferrocyanogen  in  potassium  ferroc}'anide  is 
broken  up  when  the  salt  is  heated  with  sulphuric  acid, 
carbonic  oxide  being  evolved  if  the  acid  is  concentrated  (that 
is,  ordinary  oil  of  vitriol — H,,S()^  with  2 or  3 per  cent,  of 
water),  and  hydrocijanic  acid  if  dilute : — 

K4t’eC„N,,  mp  + 3H,0  + SH^SO,  = 4KHSO,  + FeSO, 
+ 3(NHJ^SO^  -t  6CO 

2K,FeC,.N,.  + GH.,SO.,  = FeK.,FeC,N,  + GKHSO, 

-h  GHCN 


HYniioFEimicYANic  Acid,  H,FeC,;N,.,  or  H3Fe(CN),.,  and 
oTiiEit  Feiuiicyanides.— Pass  chlorine  slowly  through  a 
solution  of  potassium  ferrocyanide  until  the  liquid,  after 
frequent  shaking,  cea.ses  to  give  a blue  precipitate  when  a 
minute  iiortion  is  taken  out  on  the  end  of  a glass  rod  and 
brought  into  contact  with  a drop  of  dilute  solution  of  ;i 
ferric  salt;  it  now  contains  “Potassium  Ferricyanide  ” 
(H.P.),  K^FeC^.X,.,  “red  prussiate  of  potash,”  as  it  is  called 
from  the  colour  of  its  crystals.  Excess  of  chlorine  must  be 
carefully  avoided,  as  cyanogen  chloride  and  other  compounds 
are  then  formed.  Such  a result  docs  not  ensue  if  bromine 
used  instead  ol  chlorine,  but  this  jirocess  is  less  economical. 
2K.,FeC,,N,^  + Cl,  = 2KC1  + 2K3FeC,.N,. 

IR. ^ of  one-half  of  the  potassium  from 

t e ferrocyamde  is  here  accompanied  by  the  conversion  of 
the  quadrivalent  radical  ferrocyanogen  (FeC,N„)"”,  into  the 
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radical /mw/rtMogew  (FeC^N,,)"',  which  is  trivalent.  Besides 
by  the  action  of  chlorine,  the  conversion  of  potassium  ferro- 
cyanide  into  ferricyanide  can  be  effected  by  the  action  of 
one  or  other  of  a variety  of  oxidizing  agents. 


Test. — To  a solution  of  jiotassium  ferricyanide  add 
solution  of  ferrous  suljihate ; a dark-blue  precipitate  is  pro- 
duced. This  ])reci))itate  is  ferrous  ferricyanide  (Turnbull’s 


blue),  Fe3”(FeC,N„)./". 
2K,,Fe(CN),,  + .SFeSO, 

I’otaHsium  l''i!rrous 

furrloyaiildn  sullilmto 


8K.,SO,  + Fe3(FeC,,N,), 

Potassium  Turnbull’s  blue 

sulphate 


A solution  of  1 part  of  potassium  ferricyanide  in  20  of 
water  forms  the  official  ''Solution  of  Potassium  Ferri- 
cyanide,” B.P. 

HvniioFi.uomc  Acin,  HF,  and  other  Fluorides. — 
Hydrofluoric  acid  is  chiefly  used  for  etching  glass.  The 
f)])eration,  jierformed  on  the  small  scale,  also  constitutes 
the  best  test  for  fluorine,  the  acid  radical  of  the  fluorides. 

Kj'pcrimoil  (iJid  Teal. — Coat  the  convex  side  of  a watch 
glass  (preferably  one  made  of  hard  glass)  with  a layer  of 
beeswax,  by  first  heating  the  glass  and  then  rubbing  the 
wax  over  it.  When  the  wax  is  cold,  write  through  it 
with  the  point  of  a pin  (or  other  instrument  which  is  not 
hard  enough  to  scratch  the  glass)  so  as  to  lay  bare  some 
portions  of  the  glass.  Place  a few  grains  of  powdered 
fluor-spar  (calcium  fluoride,  CaF,,  the  commonest  natural 
fluoride)  in  a small  lead  basin  (or  platinum  crucible),  add  a 
few  drojis  of  sulphuric  acid,  cover  the  basin  with  the  jire- 
pared  glass,  waxed  side  downwards,  and  very  gently  warm 
the  bottom  of  the  basin  in  a fume-cupboard  in  such  a way 
as  not  to  melt  the  wax.  After  a few  minutes  remove  the 
glass,  wash  the  waxed  side  by  pouring  water  over  it,  .scrape 
off  most  of  the  wax,  then  warm  the  glass  and  wipe  off  the 
remainder;  the  glass  will  be  found  to  be  etched  at  the 
])laces  that  were  laid  bare  by  the  removal  of  tlie  wax.  'Phe 
hydrofluoiic  acid  liberated  by  the  action  of  sulphuric  acid 
on  the  fluor-sjiar  has  eaten  into  or  etched  (from  the  German 
(Hzcn,  to  corrode)  the  gla.ss. 
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The  calcium  fluoride  and  sul])huric  acid  yield  hydro- 
fluoric acidj  thus  : — CaF.j  + H,_jSO^  = CaSO^  + 2HF.  The 
hydrofluoric  acid  gas  and  the  silica  of  the  glass  then  yield 
silicic  and  fluosilicic  acids  and  water,  thus : — 

12HF  + 3SiO^  = H SiO^  + 2H2SiF^,  + 2H./) 

lij'drortuoric  Silica  Silicic  Fluosilicic  Wutcx’ 

acid  acid  acid 

The  silica  being  removed  from  the  glass,  leaves  furrows  or 
etched  j)ortions. 

The  aqueous  solution  of  hydrofluoric  acid,  used  by  etchers, 
and  commonly  termed  simply  hydrofluoric  acid,  or  “fluoric” 
acid,  is  prepared  in  leaden  stills  and  receivers,  and  kept  in 
leaden  or  gutta-percha  bottles.  Flydrofluoric  acid  ra[)idly 
attacks  any  substance  of  which  bottles  and  basins  are 
usually  made  except  lead  and  gutta-percha.  It  is  also 

without  action  on  platinum  and  fluor-sj)ar.  It  quickly 
cauterizes  the  skin,  producing  a painful,  slow-healing  sore. 
A mixture  of  hydrofluoric  acid  and  ammonium  fluoride, 
known  as  “ white  acid,”  is  also  used  for  etching  glass. 

Experiments  by  Meslans  show  that  anhydrous  hydrogen 
fluoride  has  no  action  on  absolute  alcohol  below  266°  F. 
(130°  C.).  Above  that  temperature  interaction  takes  })lace  ; 
and  at  410°  to  428°  F.  (210°  to  220°  C.)  about  33  per  cent,  of 
the  gas  is  esterified  in  three  hours,  and  gaseous  ethyl  fluoride 
may  he  collected. 

Quan/ira/ence.  — Fluorine,  like  chlorine,  bromine,  and 
iodine,  is  univalent  (F'). 

Fluorine  has  been  isolated  by  electrolysing  hydrofluoric 
acid.  It  is  a greenisli-yellow  gas  witli  an  irritating  odour. 
It  combines  with  great  readiness  witli  all  elements  except 
oxygen.  By  cooling  and  compressing  the  gas,  Moissan  and 
Dewar  liave  obtained  fluorine  as  a pale-yellowish  liquid. 


HYPornosiMiotious  Acin,  H3FO.,  or  HlTI.p.,,  ano  otiiku 
Hyi'oi'uosi'hites. — Boil  together,  in  a fume-cui)hoard,  two  or 
three  grains  of  phos])horus,  three  or  four  grains  of  calcium 
hydroxide,  and  about  a (piarter  of  an  ounce  of  water,  until 
hydrogen  i)hosphides  are  no  longer  evolved.  'I'he  volalile 
products  of  the  interaction  arc  Irihydrogen  ))hosphide  (or 
phos|)huretted  hydrogen),  FI  I,,,  and  a small  cpiantity  of  the 
vapour  of  a licpiid  phosphide,  F,H  ,.  The  va  pour  of  the  latter 
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ignites  spontaneously  in  contact  with  air^  and  imparts  to  the 
gaseous  mixture  the  property  of  spontaneous  inflammability. 
The  calcium  hydroxide  must  not  be  in  great  excess,  or  the 
hypo))hosphite  produced  by  the  interaction  will  be  converted 
into  ])liosj)hate  as  fast  as  formed.  The  mixture,  filtered,  and 
excess  of  lime  removed  by  means  of  carbonic  anhydride, 
yields  a solution  of  calcium  hy))0))hos])hite,  Ca(PH20„)^  (C'alcii 
IIi/p()/)/t()x/)lii.'(,  B.P.).  The  salt  may  be  obtained  in  crystals  by 
evaj)oration  and  slow  cooling. 

2P.,  + GH.,0  + 3Ca(OH)2  = 3Ca(PH/)2)2  + 2PHg 

Tri hydrogen  phosphide  ov  phosphnreUed  hydrogen,  PHg. — "The 
above  reaction  is  the  one  by  which  phosphuretted  hydrogen 
is  usually  prej)ared.  If  the  gas  is  to  be  collected,  the  phos- 
phorus and  water  may  first  be  boiled  in  a flask  until  a jet  of 
sj)ontaneously  inflammable  i)hosphorus  vapour  escapes,  with 
steam,  from  the  end  of  the  attached  delivery-tube.  Hot 
concentrated  .solution  of  caustic  potash  or  soda  is  next  very 
gradually  j)oured  into  the  flask  through  a funnel-tube 
previously  fitted  into  the  cork,  the  licjuid  being  kept  boiling. 
Pota.ssium  or  sodium  hypophosphite  is  formed  in  solution, 
while  ]ihos))huretted  hydrogen  is  evolved,  and  if  the  delivery- 
tube  dip  under  water  may  be  collected,  or  allowed  to  slowly 
])ass  up  through  the  water,  bubble  by  bubble,  so  as  to  burst 
into  flame  spontaneously  and  form  vortex  rings  of  white 
smoke  which  rise  one  after  the  other  into  the  air  and  are 
characteristic  of  the  experiment.  A solid  hydrogen  phosphide, 
PjH.„  is  known. 

Sodium  Hypophosphite,  NaPHgO^,  H^O  (^Sodii  Ilypophosphis, 
B.P.)  is  made  by  the  interaction  of  solutions  of  calcium  hy]io- 
phosphite  and  sodium  carbonate,  filtering,  and  evajwrating 
to  dryness.  Ca(PH20,).2  -|-  NagCOg  = 2NaPH202  -I-  CaCOg.  It 
is  a white,  granular,  deliquescent  substance.  When  heated, 
the  water  is  first  evolved,  then  hydrogen  and  hydrogen 
phosphide,  and  a mixture  of  sodium  pyro]>hosphate  and 
metaphosj)hate  remains.  fiNaPH.jOg  = Na^PgO^  + NaPOg -f 
2PHg  + 2H2.  (Rammelsberg.) 

Hypophosphorous  Acid,  hydrogen  hy])ojihosphite  (Acidinn 
Ilypophosphorosum  Dilution,  U.S.P.),  may  be  prejiared  by 
decomposing  the  calcium  salt  by  means  of  oxalic  acid,  or 
better,  the  barium  salt  by  means  of  suljiluiric  acid. 
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Ferri  II i/pop/iospliis,  Fe(PH^O.,)3,  and  Potassii  Ili/pophosphis, 
KPH.,0.„  are  included  in  the  United  States  Pharmacopoeia. 

Quinine  In/poplwxphile  is  j)rej)ared  by  dissolving  quinine  in 
hypophosjdiorous  acid,  or  by  decomposing  quinine  sulphate 
by  means  of  barium  hypophosphite.  The  latter  is  obtained 
on  boiling  excess  of  pure  barium  hydroxide  witli  ammonium 
hypophosphite  until  all  the  ammonia  has  been  evolved.  The 
ammonium  salt  is  formed  on  bringing  calcium  hy])oj)hos])hite 
and  ammonium  oxalate  together  in  ju'esence  of  a little 
ammonia. 

The  hypophosphites  are  often  used  in  medicine  in  the 
form  of  syru])s  (^Si/ruptts  Hi/pop/tosphilim,  U.S.P.  ; Sprupiis 
Ilt/pophosp/iitinn  cum  Ferro,  U.S.P.).  The  term  hypojdiosphite 
is  used  in  connection  with  these  salts  on  account  of  their 
containing  a smaller  proportion  (iVo,  hnpo,  under)  of  oxygen 
than  the  phos))hite.s  (a  class  of  salts  which,  in  turn,  contain 
less  oxygen  than  the  phosphates).  The  prefix  hi/pu  has 
similar  significance  in  such  words  as  hyposulphite  and 
hypochlorite. 

I Tests. — To  a solution  of  calcium  or  sodium  hypoj)hosphite 

add  solution  of  barium  chloride,  calcium  chloride,  or  lead 
acetate  ; in  neither  case  is  a ]>recipitate  obtained,  whereas 
soluble  [diosphates  and  phos])hites  yield  white  preci])itates 
(of  barium,  calcium,  or  lead  phosphate  or  j)hosphite).  To 
other  portions  of  a hyjiophos])hite  solution  add  solutions  of 
I silver  nitrate  and  mercuric  chloride  ; ])recij)itatcs  of  metallic 
i silver  in  the  one  case  and  of  mercurous  chloride  and  then  of 
metallic  mercury  in  the  other  are  ])i’oduced.  (Similar  re- 
I actions  are  produced  by  i)hos|)hitcs.)  To  another  small 


hydrogen  phosphide  are  evolved  (as  from  phosphites).  To  a 
solution  of  calcium  hy])oj)hosphite  add  sufficient  oxalic  acid 
to  remove  the  calcium;  filter;  to  the  solution  of  hvno- 


solution  of  ammonium  moly 


/I opimspnue  to  a mixture  ol  acpieous 
molybdate  with  solution  of  sulphurous 
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acid  ; a blue  ju'ecipitate  results,  or  in  dilute  solutions,  a blue 
colour  wliich  deepens  on  standing.  Heat  a small  quantity 
of  a solid  bypophosj)bite  on  the  end  of  a spatula  in  a flame, 
and  note  the  odour  of  idiosphuretted  hydrogen  and  the 
combustion  of  this  gas.  The  salt  breaks  up  into  pyrophos- 
phate, some  metaj)hosj)hate,  hydrogen,  hydrogen  phosphide, 
and  water,  the  oflicial  calcium  hypophosphite  yielding  about 
80  per  cent,  of  residue. 

7Ca(l’H/),),3  = 3Ca^P./).  + Ca(PO.,),2  + GPH3  -L  H^O  + 4H, 

hi  VC  g’’ains  of  calcium  hy])ophos))hite,  if  of  good  quality, 
will  almos/  decolorize  a solution  of  not  less  than  twelve 
grains  of  ])otassium  j)ermanganate,  on  boiling  the  mixture 
for  about  ten  minutes.  Five  grains  of  sodium  hypophosphite 
should  almoxl  decolorize  not  less  than  eleven  and  a half 
grains  of  ])ermanganate  under  similar  conditions. 

Potassium  j)ermanganate,  in  acid  solution,  is  also  reduced 
by  the  solution  of  a ])hosphite  but  not  by  that  of  an  ortho-, 
mcta-,  or  ])yro-))ho.s))liate. 


QUESTIONS  AND  EXERCISES 

Give  the  formula  of  potassium  ferrocyanide. — Enumerate  the  tests 
for  ferrocyanogen. — What  are  the  respective  reactions  of  potassium 
ferrocyanide  with  concentrated  and  dilute  sulphuric  acid? — Write 
equations  illustrative  of  the  changes  effected  in  potassium  ferrocyanide 
during  its  conversion  into  ferricyanide.  By  what  reactions  may  the 
presence  of  a ferricyanide  in  a solution  be  demonstrated? — State  the 
difference  between  Prussian  blue  and  Turnbull’s  blue. — Describe  the 
source,  mode  of  preparation,  chief  use  of,  and  test  for  hydrofluoric 
acid.  What  compounds  are  produced  by  boiling  phosphorus  in 
solutions  of  alkalies  ? — Give  equations. — How  is  trihydrogen  phosphide 
prepared  ? 


Lactic  Acid,  HC.^H^Og,  and  other  Lactates. — l.actic 
acid  occurs  in  willow  bark  (Dott).  When  milk  turns  sour, 
some  of  its  sugar  has  become  converted  by  the  bacillus  acidi 
lactici,  fed  by  the  nitrogenous  matter,  into  lactic  acid  (lac, 
laclis).  Other  saccharine  and  amylaceous  substances  also 
yield  lactic  acid  by  fermentation.  NTither  hydrogen  lactate 
(lactic  acid)  nor  other  lactates  are  much  used  in  Britain. 
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Prepuralion. — Calcium  lactate  and  lactic  acid  may  be 
Ijprepared  as  follows  : — Mix  together  eight  parts  of  sugar,  one 
«of  cheese,  three  of  chalk,  and  fifty  of  water,  and  set  aside  in 
;a  warm  place  (about  80°  F.)  for  two  or  three  weeks;  a mass 
«of  small  crystals  of  calcium  lactate  results.  Remove  these, 
■recrystallize  from  hot  water,  deconijiose  by  means  of  sulphuric 
uacid  (avoiding  excess),  digest  in  alcohol,  filter  off  the  calcium 
ssulphate,  evaporate  the  clear  solution  to  a syru])  ; this 
"residue  is  ordinary  lactic  acid  (^Acidum  Lacticinn,  B.P.),  sp. 
pgr.  1-21. 

A syrup  of  calcium  lacto]ihosphate  is  official  (^Sipiipiis 
i Calv'd  Laclophosphal  'ifi,  B.P.).  It  is  included  in  the  United 
f States  Pharmacopoeia,  as  are  also  ferrous  and  strontium 
Uactates  {t'ern  Ladas,  U.S.P.,  Fe(C3H-03)^,  3H„0;  and 
• Strontn  Ladas,  U.S.P.,  Sr(C3H-03).„  3H,,0). 

Test. — No  single  reaction  of  lactic  acid  is  sufficiently 
N distinctive  to  be  regarded  as  a test.  The  ciystalline  form 
■of  calcium  lactate,  as  seen  under  the  microscope,  is  character- 
istic. The  ])roduction  of  this  salt,  and  the  isolation  of  the 
“ syrupy  acid  itself,  are  the  onlj'  means  of  identification,  short 
-of  cpiantitative  analysis,  on  which  reliance  can  be  placed. 

1 Lactic  acid  is  soluble  in  water,  alcohol,  and  ether,  but  almost 
i:  insoluble  in  chlorf)form.  It  is  only  slightly  coloured  by  cold 
H sulphuric  acid.  Warmed  with  ])otassium  permanganate,  it 
i,  gives  the  odour  of  aldehyde. 

, A raridi/  of  ladic  avid  has  been  obtained  from  the  juice 
of  flesh ; it  is  termed  sarvo/adiv  acid  (from  (rap^,  o-ap/<os, 
sar.v,  sarvos,  flesh).  Unlike  lactic  acid,  it  yields  a jireeipitate 
I with  solution  of  cupric  sulphate. 

I .Malic  Acid,  C,II,.0.,  and  otiikr  Malaxes  (from  ina/imi, 
r '1-PI'lt;). — 1 he  juices  of  unrijie  apjiles,  gooseberries,  currants, 

p strawberries,  grajies,  and  of  rhubarb-stalks,  etc.,  contain  malic 
acid  and  potassium  malate.  W hen  isolated,  malic  acid  forms 
' deli(|uescent  ])rismatic  crystals. 

'Jests.  Calcium  malate,  CaC,ll|()-,  is  soluble  in  water, 
lence  the  aciueous  solution  of  malic-  ac-id  or  other  malate  is 
not  ])reci|)itated  by  lime-water  or  calcium  chloride;  but,  on 
•I  ding  alcohol,  a white  iirccipitate  is  produced,  owing  to  the 
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insolubility  of  calcium  malate  in  that  liquid.  Malates  are 
])recipitated  by  lead  salts  ; on  warming  the  precipitate  of  lead 
malate  with  acetic  acid  it  dissolves,  separating  out  in  acicular 
cr^’stals  on  cooling.  If  the  mixture  be  heated  in  absence  of 
the  acid,  the  jirecijutate  agglutinates  and  fuses.  Hot  concen- 
trated sul[)huric  acid  chars  malic  acid  far  less  readily  than  it 
docs  nearl}^  all  other  organic  acids. 

Axparagin  (CjHjjNoOj,  H2O). — This  ])roximate  principle  of 
])lants  occurs  in  many  vegetable  juices,  and  doubtless  plays 
a vcr}'  imjiortant  part  in  their  nutrition.  It  is  deposited  in 
crystals  when  the  fresh  juices  of  asparagus,  marsh-mallow, 
etc.,  are  rajudly  evajjorated.  It  is  noticed  here  because 
malic  acid  is  readily  obtained  from  it  by  oxidation,  nitrogen 
being  eliminated.  When  its  solution  is  long  boiled  it  is  con- 
verted into  ammonium  aspartate,  NH  |C(Hj.NO,,.  Decomposed 
by  aid  of  ferments,  asparagin,  absorbing  hydrogen,  yield.s 
ammonium  succinate,  (NH,,)2C,H^O|. 

Mr.coNic  Acid,  H^CyH^Oy,  3H2O. — Oj)ium  contains  me- 
conic  acid  (from  iiyKoiv,  vickon,  a popjiy)  ])artially  combined 
with  morphine.  To  concentrated  infusion  of  oj)ium,  nearly 
neutralized  with  ammonia,  add  solution  of  calcium  chloride; 
crude  calcium  meconatc  is  precipitated.  Wash  the  pre- 
cipitate, j)lace  it  in  a small  (]uantity  of  hot  water;  add 
a little  hydrochloric  acid;  the  clear  liquid  (filtered, 
if  necessary)  deposits  .scales  of  imjmre  meconic  acid  on 
cooling. 

Te.sls. — To  a solution  of  meconic  acid  or  other  meconatc  (or 
to  infusion  of  opium)  add  a neutral  solution  of  ferric  chloride  ; 
a red  solution  of  ferric  meconate  is  produced.  To  a jiortion 
of  the  mixture  add  solution  of  corrosive  sublimate ; the  red 
colour  is  not  destroyed  : to  another  ])ortion  add  hydrochloric 
acid  ; the  colour  is  discharged.  (These  reagents  act  on  ferric 
thiocyanate,  which  is  of  similar  tint,  with  exactly  the  ojijiositc 
results.)  To  another  portion  add  a droj)  of  a dilute  acid, 
and  boil  ; the  colour  is  not  discharged.  (A  solution  of  ferric 
acetate,  which  is  of  similar  colour,  is  decomjjosed  on  boiling, 
giving  a colourless  fluid  and  a I’cd  jirecipitatc — lerric  oxy- 
acetate.) 


METAI'IIUSIMIATES 
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'I'he  normal  })otassium,  sodium,  and  ammonium  meconales 
are  soluble  in  water,  the  acid  meconates  very  slightly  soluble  ; 
_he  barium,  calcium,  lead,  copper,  and  silver  meconates  are 
nsoluble  in  water,  but  soluble  in  acetic  acid. 

Metaphosphoric  Acid,  HPO3,  and  other  Metaphosphates. 
—Prepare  phosphoric  anhydride,  P^O^,  by  burning  a small 
riece  of  phosphorus  in  a porcelain  crucible  placed  on  a plate 
iiud  covered  by  an  inverted  test-glass,  large  beaker,  or  some 
^uch  vessel.  After  waiting  a few  minutes  for  the  phosphoric 
anhydride  to  fall,  pour  a little  water  on  the  plate  and  filter 
>1  '•he  liquid  ; the  product  is  a solution  of  metaphosphoric  acid  : 

1!  r,03  + H,0  = 2HP03. 

'I  , . , , 

J Testfi. — To  a solution  of  metaphosphoric  acid  add  silver 

fl  -ammonio-nitrate,  or  to  a neutral  metaphosphate  add  solution 
^ t )f  silver  nitrate  ; a white  precipitate  of  silver  metaphosphate, 
3 h\gP03,  is  obtained.  This  reaction  sufficiently  distinguishes 
;j  imetaphosphates  from  the  ordinary  phosphates  or  orthophos- 
I qihates  (from  opOos,  orthos,  straight),  as  the  common  phosjihates 
G unay,  for  distinction,  be  termed  (which  give,  it  will  be 
j Temembered,  a i/t7/ow  jirecipitate  with  silver  nitrate).  Another 
J 4set  of  salts  shortly  to  be  considered,  the  ]i3H’ophosphates,  also 
j igive  a white  jirecipitate  with  silver  nitrate.  To  the  solution 
1 of  metaphosphoric  acid  obtained  as  above  or  by  the  action  of 
i,«acetic  acid  on  a metaphosjihate,  add  an  aqueous  solution  of 
ijfswhite  of  egg;  coagulation  of  the  albumen  ensues.  Neither 

Iorthophosphoric  nor  pyrophosphoric  acid  coagulates  albumen. 
Boil  the  aqueous  solution  of  metaphosphoric  acid  for  some 
time ; on  testing  the  solution,  the  acid  will  be  found  to  have 
been  converted  into  orthophosphoric  acid  : — 

lll’Oj-t- 1^30=  (orthoj)hos})horic  acid). 

The  ordinary  medicinal  phos])horic  acid  is  made  from 
phosphorus  and  nitric  acad,  the  licpiid  being  evajioratcd  to  a 
syrupy  consistence  (or  treated  as  described  on  p.  .‘5o<))  to  re- 
nwve  the  last  traces  of  nitric  acid.  It  may  contain  ]>yro- 
phosphorie  and  metaphosphoric  .acids  if  the  tenqicrature 
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employed  be  high  enough  to  remove  the  elements  of 
water : — 

H^O  = H^P.,0«  (pyrophosphoric  acid). 

HyPC)^  - H.,0  = HPO3  (metaphosiihoric  acid). 

On  redilution  tlie  metaphosplioric  acid  only  slowly  reabsorbs 
water.  If,  therefore,  on  testing  the  diluted  solution  meta- 
phosphoric  acid  be  found  to  be  present,  the  solution  should 
be  l)oiled  until  conversion  into  orthophosphoric  acid  is 
complete. 

Nituous  Acid,  MNO^,  and  other  Nitrites. — Strongly 
heat  a fragment  of  potassium  or  sodium  nitrate  on  a jiiece  of 
])latiiunn  foil  ; oxygen  is  evolved,  and  ini))ure  jiotassium  or 
sodium  nitrite  remains. 

Texts. — Dissolve  the  residue  in  water,  add  a few  drops  of 
dilute  sulphuric  acid,  then  some  dilute  solution  of  potassium 
iodide,and,  lastly,some  starch  mucilage';  the  deep-blue  “starch 
iodide”  is  produced.  2HI  -f  2HNO„  = 2H.,0  + 2NO  -t-  I.,. 
Rcjicat  this  experiment,  using  jiotassium  nitrate  instead  of 
nitrite ; no  blue  colour  is  jiroduced.  To  a solution  of  a 
nitrite  add  solution  of  ferrous  suljihate ; a brown  coloration 
is  Jiroduced.  Dissolve  a small  ijuantity  of  a nitrite  in  con- 
centrated suljihuric  acid,  and  add  a few  particles  of  cujirous 
oxide;  an  intense  violet  jiurjile  colour  is  jiroduced. 

Tests  for  Nitrites  in  Water. — The  liberation  of  iodine  from 
Jiotassium  iodide  in  acid  solution  by  nitrites  and  not  bj'  nitrates 
is  a reaction  of  considerable  value  in  searching  for  nitrites  in 
ordinary  drinking  waters,  the  occurrence  of  such  salts,  excejit 
in  very  deeji-seated  sjn’ings,  being  held  to  indicate  the  jires- 
ence  of  nitrogenous  organic  matter  in  a state  of  oxidation  or 
decay.  The  suljihuric  acid  used  in  the  ojieration  must  be 
jiure,  and  the  jiotassium  iodide  free  from  iodate.  If  much 
tirganic  matter  is  jiresent,  however,  the  nitric  acid  liberated 
by  the  suljihuric  acid  nny  be  reduced  to  nitrous  acid.  It  is 
jierhajis  best,  therefore,  to  add  acetic  acid,  and  distil  over  10 
or  20  jier  cent,  of  the  water,  and  ajijily  the  test  to  this  dis- 
tillate (Fresenius).  Very  dilute  solutions  of  nitrous  acid  may 
thus  be  distilled  without  the  slightest  decomposition. 
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Sodium  Silrile,  NaNOo  {Sodii  I\ilrix,  B.P.).  Ihis  salt 
.yields  ruddy  nitrous  fumes  on  the  addition  of  sulphuric  acid. 
»When  dissolved  in  water  and  tested  in  a nitrometer,  with 
r|)otassium  iodide  and  dilute  sulphuric  acid,  it  should  libeiate 
j;i  quantity  of  nitric  oxide,  corresponding  to  not  less  than 
95  per  cent,  of  sodium  nitrite. 

Other  nitriles  used  in  medicine  are  nitrites  of  organic  radicals. 
Ethyl  nitrite,  C„H5N02,  or  nitrous  ether,  is  the  most  import- 
lant  constituent  of  Spiritus  JElheris  }\  itrosi,  B.P.  A solution  ot 
*thyl  nitrite  in  a mixture  of  absolute  alcohol  and  glj^cerin  is 
cofficial  (lAiptor  Kthi/l  ^itritis,  B.P.).  Amyl  nitrite,  C-HjjNO.^, 
as  also  ofticial  (Anii/l  Nitris,  B.P.).  Ammonium  nitrite,  on  being 
heated,  yields  pure  nitrogen  : — NH^NO,^  = 2HoO  + N^. 

Determination  of  nitrons  acid  in  commercial  sulphuric  acid 
(Lunge  and  Swoff’s  method).  1 c.c.  of  Griess’s  reagent  is  put 
into  each  of  a pair  of  Nesslerizing  tubes  and  mixed  with  40 
rc.c.  of  water  and  5 grammes  of  sodium  acetate.  To  the  con- 
. tents  of  the  first  tube  1 c.c.  of  the  suspected  acid  is  added, 
land  to  the  other,  without  delay,  1 c.c.  of  a standard  nitrite 
solution  prej)ared  by  dissolving  0’0493  gramme  of  pure  sodium 
nitrite  in  100  c.c.  of  water  and  diluting  10  c.c.  of  this  to  100 
;c.c.  with  pure  sulphuric  acid.  The  reddish  colours  may  be 
•compared  after  any  convenient  time,  but  it  is  best  to  wait 
ifive  minutes.  Griess’s  reagent  may  be  prepared  as  follows  : — 
O'l  gramme  of  white  tt-naphthylamine  is  boiled  for  fifteen 
jininutes  with  100  c.c.  of  water  and  mixed  with  5 c.c.  of  glacial 
lacetic  acid.  The  solutionis  then  mixed  with  1 gramme  of  sulph- 
oinilic  acid  dissolved  in  100  c.c.  of  water,  and  the  mixture 
; preserved  in  a well-corked  bottle.  If  it  should  become  too 
|t  red,  it  may  be  decolorized  by  shaking  it  with  zinc  dust. 

Sole. — a-Xaphlhijlamine,  Cj„M-NH.„  is  obtained  when  a- 
naphthol  is  heated  for  some  time  either  with  saturated 
acjueous  ammonia,  or  with  ammonium  cliloride  and  caustic 


1 alkali  under  pressure,  or  by  the  reduction  of  nitro-na})htha- 
Gene.  Sulphanilic  acid,  C,.ll i-SCI.^ITNU.,,  is  |)rej)ared  by  heat- 
ing a mixture  of  aniline  and  sulpluiric  acid  containing  some 
l)yrosulphuric  acid  to  a temperature  of  ISO’  C.  for  several 
I ^ hours,  and  pouring  into  water,  when  the  aeid  is  precipitated 
( »in  a crystalline  form. 

tOpHEi.ic  Acid,  11,3!  I., — This  is  one  of  the  |)rinciples 
I to  which  the  herb  Swerfia  chirala,  or  Chiretta  {('hi rata,  B.P.), 
•owes  its  bitterness.  It  is  an  amorphous  yellow  substance. 
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Aiiotlier  is  C.hintlin,  decomposable  by  hydrochloric 

acid  into  ('liiralogciiin,  and  ophelic  acid  (Hohn). 

I’nosi’iioHous  Acid,  or  — A solution  con- 

taining this  acid  in  small  {piantity  could  be  obtained  by 
])crmitting  the  heavy  white  fumes  which  fall  from  a stick 
of  moist  ])hosphorus  on  exposure  to  the  air  to  dissolve  in 
some  water  ]>laecd  at  the  bottom  of  a wide-mouthed  bottle. 
Or  pliosphorous  oxide,  1’40,;,  mJiy  first  be  obtained  by  gently 
lieating  jdiosphorus  in  a tube,  through  which  a slow  current 
of  air  is  drawn,  condensing  the  fumes  in  a U-tube  surrounded 
by  a freezing  mixture,  and  tlien  decom})osing  the  oxide  by 
tiu!  action  of  water: — l’,,0,j -f  = 4HgPOg.  Or  chlor- 

ine is  |)assed  through  })hos|)horus  melted  under  water: — 
PClg -f  = IlgPOg-l- 3HC1.  Having  collected  some  i^hos- 
phorous  acid,  a|)})ly  the  various  tests  already  alluded  to  under 
J h/j)o/)li()X})li()roiis  Acid,  first  carefully  neutralizing  the  })hos- 
phorous  acid  with  a caustic  alkali. 

'Pile  soluble  i)hos])hites  are  j)re])ared  by  neutralizing 
phosphorous  acid  with  the  a])j)ropriate  alkalies,  and  the 
insoluble  jfiiosiihites  by  double  decomposition. 

Associated  with  phosj.horous  acid  j)repared  as  above 
stated  there  is  said  to  be  an  acid  of  the  formula  HgPO.^, 
termed  hipophosjdioric  acid. 

Pyuogai.i.ic  Acid. — See  'I'annic  Acid. 

Pyhoimiosimiouic  Acin,  H,jPgOp  ano  otheu  Pyuopiios- 
1>IIATES.  — Heat  ordinary  sodium  ))hosphate,  NagHPO.,, 
1211,0,  in  a crucible  ; water  of  crystallization  is  first  evolved, 
and  anhydrous  phosphate,  Na.,HPO|,  remains.  further 
heat  to  redness  ; water  is  again  evolved  and  a new  salt  is 
obtained  : — 2 Na^H  PO^  = 11,0  + Na^l^gO-.  The  latter  is 
termed  sodium  pyrophosj)hate,  in  allusion  to  its  origin  {Tvvp, 
par,  fire).  From  its  solution  in  water  it  may  be  obtained  in 
prismatic  crystals,  Na^PgO-,  lOH./).  Phosphoric  acid  itself 
is  similarly  affected  by  heat,  yielding  pyrophosi)horic  acid  :— 
H.,0  + H.|P.,0-,  though  metaphosphoric  acid  is  also 
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formed.  Other  pyrophosphates  are  produced  similarly,  or 
1)}'  double  decomposition  and  |)recipitation,  or  by  neutraliz- 
ing })3'rophosphoric  acid  with  an  oxide,  hj'droxide,  or  carbon- 
ate. Ferri  Pi/rop/iosplias  Soliihilis,  and  Soclii  Pi/ropliusphas, 
Na^P.jOp  IOH.,0,  are  included  in  the  United  States  Pharma- 
copoeia. 

Tests. — To  a solution  of  a pyroj)hosphate  add  solution  of 
silver  nitrate  ; a dense  white  precijntate  of  silver  pyrophos- 
phate, Ag^P.TU,  is  produced,  differing  much  in  appearance 
from  the  white  gelatinous  silver  metaphosphate  or  the 
yellow  orthophosphate.  To  pjrophosphoric  acid,  or  to  a 
pyrophosphate  mixed  with  acetic  acid,  add  an  aqueous 
solution  of  albumen  (white  of  egg) ; no  precipitate  is 
formed.  Metaphosphoric  acid,  it  will  be  remembered, 
gives  a white  precipitate  with  albumen.  Both  jiyro-  and 
meta-phosphoric  acids  give  precipi'^ates  on  adding  Tincture 
of  f'erric  Chloride. 


ACIDS  OF  I'llOSenOHUS 

The  following  acids  of  phosphorus  have  now  been 
described  : — 

( )rthophosphoric  acid, 

Byrophosjilioric  acid, 

■Metaphosphoric  acid,  HBO3 
Phosphorous  acid,  rL^PO^ 

Hypojihosphorous  acid,  I J^PO., 

'I’he  three  jihosphoric  acids  (ortho-,  pyro-,  and  meta-) 
correspond  to  the  higher  oxide  of  phosjihorus,  P„()p  while 
phos|)horous  acid  corresponds  to  the  lower  oxide,  B., Pyro- 
phosiihoric  and  metaphosphoric  acids  may  be  obtained  from 
the  ordinary  or  orthophosphoric  acid  by  the  removal  of  water. 
Hypophosphorous  acid  corresponds  to  a still  lower  (hyimtheti- 
cal)  oxide  of  iihosphorus  than  P,(),..  Although  three  hydro- 
gen atoms  are  represented  in  the  forinulne  of  both  phosiihorous 
;incl  hypophosphorous  acids,  the  acids  behave  as  dibasic  and 
as  monoliasic  respectively. 
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QUESTIONS  AND  EXERCISES 

Wliiit  fire  tlie  sources  of  lactic  acid  ? — How  is  lactic  acid  usually  j 
prepared? — Name  some  of  the  plants  in  which  malic  acid  is  found. — 
Whence  is  meconic  acid  derived? — By  what  process  may  meconic 
acid  he  isolated? — Which  is  the  best  test  for  the  meconic  radical? 

— How  may  meconatcs  be  distinguished  from  thiocyanates? — By 
what  ready  method  may  mctfiphosphorie  aciid  be  obtained  for 
experimental  purposes? — Name  tlie  tests  for  metaphosphates. — How 
m;iy  mcbi-  or  pyrophosphoric  acud  be  converted  into  orthophosphoric 
acid? — Describe  the  preparation  of  phosphorous  acid. — How  are  the 
jfjTophosphfites  prepared? — Give  formula;  illustrative  of  metaphos-  ^ 
))hfites,  pyroj)hos])hfites,  orthophosph;ites,  phosphites,  and  hypo-  - 
jihosphites.  — Mention  the  tests  by  which  meta-,  pyro-,  and 
ortho])hosj)hates  fire  finalyticfilly  distinguished. — How  are  hypo- 
jihosphitcs  and  phosphites  detected? 


Siucic  Acid,  II  |SiO,|,  and  otiikii  Siucatk.s. — Silicates  of 
various  kinds  are  ;imong  the  coininonest  of  iniiierals.  'The 
various  c/r/f/.v  .are  more  or  less  impure  iilumiiiium  silicates; 
the  volcanic  substance  termed  pimiicc-.sioiie  is  a jiorous 
filuminium,  alkali-metal,  and  alk.aline-earth-metal  silicate; 
the  Viirietics  of  J els  par  as  a rule  contain  aluminium  and 
alkali-mctfil  silicates  or  filuminium  and  fdkaline-earth-metal 
.silicates;  viccrscliaiim  is  an  acid  magnesium  .silicate;  the 
orilimiry  sainisloiics  arc  chiefly  silica;  sand,  flhit,  qiiarls,  agate, 
ehalc.cdnnij,  find  opal  arc  .silicic  anhydride  or  silica,  SiO^. 
Tripoli  poa-dvr,  a poli.shing  powder  now  found  in  many  other 
countries  than  'I'rijioli,  and  consisting  of  infusorial  skeleton.s, 
is  nearly  pure  silica.  JIalli  brick  is  a silico-calcareous  deposit 
found  in  the  estuary  at  Bridgwater  and  other  jdaces.  Tour- 
vialincs,  plates  of  which,  cut  parallel  to  the  axis  of  a crystal, 
fire  used  as  jiolarizers  or  fimilysers  in  microscopy,  are  all 
filuminium  silicates  with  varying  proportions  of  iron,  copper, 
manganese,  or  other  silicates.  Asbestos  or  awianlk  is  fi  fibrous 
calcium  and  magnesium  silicate,  the  length  of  the  fibres 
varying  from  less  than  one  inch  to  five  feet.  A single 
silk-like  fibre  can  easily  be  fused,  but  even  in  very  small 
masses,  a.sbestos  is  infusible  in  the  Bunsen  (lame,  and  is 
incombustible.  It  is  filso  a bad  conductor  of  heat.  It  is 
Ifirgely  u.sed  in  jiacking  piston  rods  and  joint.s,  and  for 
steam  ajiparatus  generally ; as  fi  covering  for  boilers  to 
prevent  loss  of  heat  by  radiation  ; find  for  so  lining  ceilings, 
floors,  and  other  partitions  as  to  render  room.s,  etc.,  firciiroof. 
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Artificial  acid  insoluble  silicates  are  familiar  in  the  form 
of  glass  and  carlhenwarc.  Common  English  window-glass 
(crown  glass)  is  usually  calcium^  sodium,  and  aluminium 
silicate ; French  glass,  calcium  and  sodium  silicate ; 
Bohemian  glass,  chieHy  jiotassium  and  calcium  silicate ; 
English  Hint  or  crystal-glass  for  ornamental,  table,  and 
optical  purposes,  is  mainly  potassium  and  lead  silicate. 
Earthenware  is  mostly  aluminium  silicate  (clay),  M'ith  more 
or  less  of  the  easily  fusible  silicates,  namely,  those  of 
calcium,  sodium,  and  potassium,  and  in  the  commoner 
forms,  iron  silicate.  The  various  kinds  of  porcelai/i  (China, 
Sevres,  Meissen,  Berlin,  English),  JVedgicuod-icare,  and 
sloneicare  are  varieties  of  earthenware.  Kaolin,  or  China 
clai/,  which  is  disintegrated  /’c/.v/;r//-,  is  the  clay  which  yields 
the  finest  translucent  ))orcelain.  When  powdered  and 
freed  from  gritty  ])articles  by  elutrialion,  it  is  official 
{haolinnin,  B.P.).  Crucibles,  bricks,  and  iUcs  are  made  from 
different  varieties  of  clay.  Fircclai/  contains  e.xcess  of 
silica  and  very  small  proportions  of  the  fusible  silicates, 
hence  its  refractory  character.  Mortar,  if  old,  contains  a 
little  calcium  silicate,  but  its  binding  action  is  due  to  the 
soft  slaked  lime  penetrating  the  minute  cavities  on  the 
surfaces  of  adjacent  bricks  and  stones,  and  then  becoming 
converted  into  an  interlacing  or  ‘‘keying”  mass  of  hard 
particles  of  calcium  carbonate.  The  admixed  sand  which 
mortar  contains,  renders  the  mass  porous  and  so  far  pro- 
motes absorption  of  carbonic  anhydride  from  the  atmos- 
phere, but  its  proportion  should  not  much  exceed  two 
measures  to  one  measure  of  lime,  or,  by  weight,  three  of 
sand  to  one  of  good  lime.  Portland,  Roman,  and  other 
“hydraulic”  cements  are  calcium  silicates  with  more  or 
less  aluminium  silicate,  h idler’ s earth  (^fnllones,  cleansers 
of  cloth)  is  chiefly  silica,  but  contains  combined  calcium, 
magnesium,  aluminium,  and  iron,  with  a smalt  quantity  of 
potassium.  Like  the  Arab’s  tfol,  another  earth  containing 
gelatinous  silica,  Fuller’s  earth  is  a powerful  absorbent  of 
oils  and  fats. 


P.rperimcnt.  Mix  a few  grains  of  powdered  Hint  or  sand 
with  about  five  or  six  times  its  weight  of  sodium  carbonate 
and  an  c([ual  cpiantity  of  jiotassium  carbonate,  and  fuse  a 
ittle  of  the  mixture  on  platinum  foil  in  the  blowpipe-flame  ; 
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the  product  is  a soluble  alkali-metal  silicate,  a soluble  glass  or 
■iralcr  glass.  Boil  the  foil  in  water,  for  a few  minutes  ; filter  ; 
to  a ])ortion  of  the  filtrate  add  excess  of  li3  drochloric  acid, 
cvaj)orate  the  solution  to  dry  ness,  and  again  boil  the  residue 
in  dilute  acid  ; silicon  oxide,  silicic  aidi3’dride,  or  .nlica,  SiO^, 
remains  as  a light,  flaky,  insoluble  powder. 

'I’he  foregoing  o|)cration  constitutes  the  test  for  silicates.  \ 
B3"  fusion  with  alkali  tlie  silicate  is  decomposed,  and  a 
soluble  alkali-metal  silicate  formed.  On  addition  of  acid, 
silicic  acid,  II  |SiO,,  is  set  free,  but  remains  dissolved  if  the 
solution  is  not  too  concentrated.  'I'he  heat  subsequently 
applied  eliminates  water  and  converts  the  silicic  acid  into 
silica,  SiO^,  which  is  insoluble  in  water  or  hydrochloric  acid. 

'I'he  soluble  glass,  leater  glass,  or  glass  liquor  of  trade  may 
be  |)rej)ared  1>3'  fusion,  as  above  ; or  by  boiling  uji  infusorial 
earth  W'ith  solution  of  sodium  hydroxide  in  closed  vessels 
under  a pressure  of  7 or  8 atmosj)heres  (the  proportions  of 
sodium  hydroxide,  silica,  ajid  water  in  the  latter  case  being 
about  1,  2,  ajid  5 resj)ectively).  JJquor  Sodii  Si  lira  Us,  U.S.b., 
has  sp.  gr.  1 ‘300  to  1 MOO. 

By  the  addition  of  hydrochloric  acid  to  soluble  glass,  and 
the  removal  of  the  resulting  alkali-metal  chloride  and  excess 
of  li3'drochloric  acid  by  dialy.sis  (a  process  to  be  subsequently 
described),  a pure  acpieous  solution  of  silicic  acid  may  be 
obtained  ; it  readily  changes  into  a gelatinous  mass  of  silicic 
acid.  Possibl3f  .some  of  the  natural  cr3'stallized  varieties  of 
silica  may  have  been  obtained  from  the  silicic  acid  contained 
in  such  an  atjueous  solution,  Jiearly  all  natural  waters  3’ield- 
ing  a small  quantity  of  .silica  when  evaporated  to  dryness 
with  hydrochloric  acid. 

A variety  of  .nlicic  acid,  H^SiOg,  sometimes  termed  diba.de 
to  distinguish  it  from  the  fetraba.dc  ncid,  H^SiO^,  results  when 
the  acjueous  solution  of  the  latter  is  evaporated  in  vacuo. 
Various  natural  silicates  corrcsjiond  to  this  acid. 

Silicon  hydride  or  siliciurcUed.  hydrogen,  Sil  l^,  is  a s])ontane- 
ously  inflammable  gas  formed  on  treating  magnesium  silicide 
with  li3^drochloric  acid.  It  is  the  analogue  of  marsh  gas  or  j 

methane,  CH,.  A li(]uid  silicon  chloride,  SiCI,,  analogous  lo  1 

carbon  tetrachloride,  CC1,|,  and  a gaseous  fluoride,  SiF,  arc 
also  known.  I'he  latter  is  formed  when  sulphuric  acid  acts  on  r 
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:i  mixture  of  a Huoride  witli  silica  or  a silicate.  It  interacts 
with  water  with  the  production  of  silicic  and  Huosilicic  acids 
(see  p.  375).  A carbon  silicide,  CSi,  known  as  carborundum 
is  formed  when  carbon  and  silicon  are  heated  together  in  an 
electric  furnace. 

.Many  other  analogies  are  traceable  between  the  elements 
silicon  and  carbon,  especially  amongst  their  organic  com- 
pounds. 

Succinic  Ann,  H.,C4H^()^. — Amber  [Succiuuvi)  is  a resin 
usually  occurring  in  association  with  coal  and  lignite.  From 
the  fact  that  fragments  of  coniferous  fruit  are  frequently 
found  in  amber,  and  impressions  of  bark  on  its  surface,  it  is 
considered  to  have  been  an  exudation  from  a species  of  Piuus 
now  probably  extinct.  Heated  in  a retort,  amber  yields,  first, 
a sour  acpieous  liquid  containing  acetic  acid  and  succinic  acid  ; 
secondly,  a volatile  liquid  know'ii  as  oil  of  and>er,  resembling 
the  oil  yielded  by  most  resinous  substances  under  similar 
circumstances  ; and,  thirdly,  a pitchy  residue  allied  to  asphalt. 
'I'he  succinic  acid  is  a normal  constituent  of  the  amber,  the 
acetic  acid  is  produced  during  distillation.  Succinic  acid  has 
also  been  found  in  wormwood,  in  several  ])ine-resins,  and 
in  certain  animal  fiuids,  such  as  those  of  hydatid  cysts  and 
hydrocele.  It  is  a product  of  the  vital  activity  of  various 
micro-organisms,  and  can  be  formed  by  these  from  carbo- 
hydrate.s,  from  substances  allied  to  carbohydrates,  and  from 
albumen.  It  may  be  obtained  artificially  from  butyric  or 
stearic  acid  by  oxidation  ; and  from  tartaric  and  malic  acids 
by  reduction. 

Both  normal  and  acid  succinates,  and 

11IIC|H|()|,  arc  known.  A potassium  hydrogen  succinate, 
KHC,H/)^,  ha:,ii,o„  II  A),  analogous  to  salt  of  sorrel, 
also  exists.  .Soluldc  succinates  give  a bulky  brown  preeijiitate 
with  neutral  ferric  chloride  (somewhat  less  voluminous  than 
ferric  benzoate);  a white  preci|)itatc  w’ith  lead  acetate, 
soluble  in  excess  of  cither  reagent;  with  silver  nitrate  a 
white  precipitate  .after  a time;  w’ith  barium  chloride  no 
preci])itate  at  first,  but  a white  iirccipilate  of  barium  succin- 
ate  on  the  addition  of  .ammonia  and  alcohol.  Succinates  are 
distinguished  from  licnzoates  by  the  last-named  reaction,  and 

)y  not  yielding  a |)rccipitate  on  the  .addition  of  acids  (see. 

30!)).  ^ 
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Tannic  Acin,  Gallotannic  Acid,  or  Tannin.  Digallic 
acid,  2H^O. — This  is  a very  common  astringent  con- 

stituent of’  jilants,  but  is  contained  in  largest  ([uantitj'^  in 
galls  (excrescences  on  the  oak,  formed  by  the  puncture  and 
deposited  ova  of  an  insect).  English  galls  contain  from  14 
to  28  per  cent,  and  Alejipo  galls  {Galla,  B.P.)  25  to  G5  per 
cent,  of  tannic  acid  (^Acidnm  Taimicavi,  B.P.). 

Mi/rol)alaiix  (^Mi/rohalaiium,  B.P.  Add.  1900),  the  dried 
immature  fruits  of  I’ermiiialia  C/icbula,  the  “ Chebulic  myro- 
balanus  ” of  commerce,  may  be  used  in  India  and  the  Eastern 
Colonies  instead  of  galls.  The  best  contain  about  30  per 
cent,  of  tannin. 

(hillotannic  acid...C^H„  (OH).,  CO  ()-C,H„  (OH).,  COOII 

Gallic  acid  (p.  393). . .C“  1 1,(011)3  COOH  “ 

Preparalion. — Exjiose  powdered  galls  (about  an  ounce  is 
suflicient  for  the  exjieriment)  to  a damp  atmosphere  for  two 
or  three  day.s,  and  afterwards  add  suflicient  ether  to  form  a 
soft  jiastc.  Let  this  stand  in  a well-closed  vessel  for  twenty- 
four  hour.s,  then,  having  cpiickly  cnvelojied  it  in  a linen  cloth, 
submit  it  to  strong  pressure,  so  as  to  sejiarate  the  liijuid 
portion  which  contains  the  bulk  of  the  tannic  acid  in  solution. 
Reduce  the  ])res.sed  cake  to  jiowder,  mix  it  with  sufficient 
ether  (to  which  one-sixteenth  of  its  bulk  of  water  has  been 
added)  to  form  again  a soft  jiaste,  and  press  this  as  before. 
Mix  tlie  expressed  liquids,  and  expose  the  mixture  first  to 
spontaneous  evajioration  and  next  to  gentle  heat  until  it 
has  acquired  the  consistence  of  a soft  extract ; then  place  it 
on  earthen  plates  or  dishes,  and  dry  it  in  a hot-air  chamber 
at  a temperature  not  exceeding  212°  E.  (100°  C.). 

The  resulting  tannic  acid  is  a light  brownish  jiowder  con- 
sisting of  thin  glistening  scales,  with  a characteristic  odour, 
a strongly  astringent  taste,  and  an  acid  reaction  ; readily 
soluble  in  water,  and  alcohol  (90  ]ier  cent.),  vciy  sparingl}' 
soluble  in  jnire  ether,  though  soluble  in  the  ethereal  fluid 
used  in  the  foregoing  process  (a  mixture  of  ether,  water,  and 
alcohol — the  latter  contained  as  impurity  in  the  ether.) 

The  official  ])re[)arations  of  tannic  acid  arc  (ili/ceriiiiim  Acidi 
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'I'd II II id,  Siijijiosilorid  Addi  'Taiiiiid,  and  'J'rodiisn<.<i  Adili  'J'diiiiid, 

B.P. 


Rcdctions  of  Tannw  Add. 

1.  To  an  a([ueous  solution  of  tannic  acid  add  aqueous 
solution  of  gelatin  ; a yellowish-white  flocculent  compound  of 
the  two  substances  is  precipitated. 

The  above  reaction  also  serves  to  explain  the  chemical 
principle  involved  in  tanning — the  oiieration  of  converting 
skin  into  leather.  In  this  [)rocess  the  skin  is  soaked  in  infusion 
of  oak-bark,  the  tannic  acid  of  which,  uniting  with  the  gelatin- 
ous tissues  of  the  skin,  yields  a compound  very  well  repre- 
sented by  the  above  ]>recipitate.  The  outer  bark  of  the  oak 
contains  little  or  no  tannic  acid,  and  is  commonly  shaved  oil’ 
from  the  pieces  of  bark  which  are  large  enough  to  handle  ; 
useless  colouring  matter  is  thus  also  rejected.  Other  infusions 
and  extracts  besides  that  of  oak-bark  (chiefly  catechu,  sumach, 
and  valonia)  are  largely  used  by  tanners  ; if  used  alone,  these 
act  too  (juickly,  and  give  a harsh,  hard,  less  durable  leather. 
The  tannic  acid  of  these  preparations  is  slightly  ditferent  from 
that  of  oak-bark. 

2.  To  an  acpieous  solution  of  tannic  acid  add  a neutral  solu- 
tion of  a ferric  salt ; dark  bluish-black  ferric  tannate  is  slowly 
precipitated,  d'his  is  an  excellent  test  for  the  presence  of 
tannic  acid  in  vegetable  infusions.  The  precipitate  is  the 
basis  of  nearly  all  black  irdl.ing-inli.  Terrous  salts  give  at 
ifirst  oidy  a slight  reaction  with  tannic  acid  ; but  the  licpiid 

'radually  darkens  : characters  written  with  a liquid  of  this 
kind,  of  proper  strength,  become  ipiite  black  in  a few  hour.s, 
cind  are  very  permanent. 

3.  I o an  acpieous  solution  of  tannic  acid  .add  solulion  of 
iartar-emctic;  antimony  tannate  is  |)recipitatcd.  This  reaction 
*md  that  with  gelatin  are  useful  in  the  cpiantitative  determina- 
•lion  of  tannic  acid  in  various  substances,  the  sc])aration  of  tlie 
•gelatin  tannate  being  much  promoted  by  previously  adding 
•some  heavy  neutral  |)ow(l(!r,  such  as  barium  sulphate,  and 
Hvell  stirring  while  adding  the  gelaliti. 
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I'hc  variet}^  of  tannic  acid  which  occurs  in  oak-bark  is 
said  to  be  a glucoside  ; that  is,  like  many  otlier  substances, 
it  yields  glucose  (grape-sugar)  when  boiled  with  dilute  sul- 
j)huric  or  hydrochloric  acid,  the  other  product  being  gallic 
acid. 

('(Uecliii  {('alcrini,  11. P.),  Gamhier,  or  Terra  Japoiiica,  an 
extract  of  Ihicaria  Ganilner ; as  well  as  the  true  (or  black) 
Valevhu,  ('iilrli,  or  Terra  Japonica,  an  extract  from  /Icacia 
(’alerlia  {C'ateeliii  Xi^rrum,  H.P.  ,'\dd.  1900,  and  P.l.)  and  A. 
Smna ; the  original  African  (Gambian)  Kino,  termed  b)^  the 
M.andingo  natives  Kano,  from  Pteroearpus  erinaceus,  but  not 
now  in  c’ommerce  ; Kad  Italian  Kino  Q\.ino,  H.P.),  from  the 
Plerorarpnx  niarsnpiittn ; also  Bengal  or  BtUea.  Kino,  from  the 
Palax  or  Dhah  tree,  Balea  J rondoxa  [Bntea;  Guintni,  Ihitea  Gum, 
H.P.  Add.  1900;  Balea;  gnnitni  rel  Kino  Bengalenxix,  P.l.); 
Botany  Bay  or  Au.stralian  Kinos  from  various  species  of 
Kia-ali/ptnx  or  Blue  (ium  trees  [Kino  Kncaltjjtli,  B.P.  Add.  1900); 
and  some  other  vegetable  products  — contain  a variety  of 
tannic  acid  [miniotannie  acid),  which  gives  a greenish  pre- 
ei])itate  with  neutral  solutions  of  ferric  salts.  According  to 
Paul  and  Kingzett  this  acid  yields,  when  decoiu])osed,  unfer- 
nientable  sugar,  and  an  acid  diHcrent  from  ordinary  gallic 
acid.  Catechu  and  (Jambier  also  contain  calerlinic  arid  or 
ralecliin,  1 1. a eom])ound  occurring  in  minute  colourle.ss 
acicular  crystals  and,  like  mimotannic  acid,  affording  a green 
precij)itate  with  ferric  salts. 

'Phe  rind  of  the  fruit  of  the  pomegranate  [Pnnica  granahnn)  , 
[Granali  Cotietv,  B.P.  and  P.l.)  contains  tannic  acid.  The 
astringency  of  Pomegranate-root  Bark  is  due  to  a tannic  acid 
(its  anthelmintic  ]>ro])erties  probably  to  a resinoid  matter, 
or  possibly  to  what  'I'anret  states  to  be  a licpiid  alkaloid, 
pellelirrine,  C^Mj.N'O).  A tannic  acid  also  ))robably  gives 
the  astringency  to  logwood  [I la'inalo.ri/li  Lignum,  B.P.). 
Ulialany-rool  Bark  [Krameria;  Badir,  B.P.)  contains  about 
20  ])cr  cent,  of  tannic  acid,  its  active  astringent  princij)le; 
rhubarb-root  about  9 jier  ce7it.  Bearherri/  leaves  [Uea;  I rxi 
Folia,  B.P.)  owe  most  of  their  therapeutic  jmwcr  to  about  95 
])cr  cent,  of  tannic  acid.  (The  cause  of  their  influence  on  the  | 
kidneys  is  not  yet  traced).  They  also  contain  arlmlin,  a 
crystalline  gluco.side.  Larch  Bail,  the  inner  bark  of  Pinitx 
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Larir  or  Lari.v  luiro/xrii,  contains,  accord int;  to  Stcidionse, 
a considerable  amount  of  a tannic  acid  f^iving  olivc-o  recn  prev 
cipitates  with  ferric  salts,  and  laii.riii  and  /arl.vinic  arid, 
C,nH,„()-,  a somewhat  hitter  substance.  Arrca  aids  or  /)V/c/ 
lints,  from  the  Areca  Palm  (Jrcca  Calccliii),  besides  the  alkaloid 
mekam’  (Homhelon),  contain  a very  active  alkaloid,  arcculiiic, 
(Jahns),  said  to  he  the  vermifugal  j.rinciple ; 
arccaiue,  an  inert  alkaloid  (Jahns),  and  according  to  Fliickiger 
and  Hanhury,  about  IG  [>er  cent,  of  “ tannic  matter.”  Bidrl 
is  also  the  name  given  to  the  leaves  of  Piper  Belle  (^Belel, 
B.P.  Add.  1900).  It  contains  volatile  oils  (Keni|)),  one  con- 
stituent of  which,  chavieol  (Piykman),  a].pcars  to  l)e  character- 
istic. .A  mixture  of  the  nuts  and  leaves  with  a little  lime, 
known,  shortly,  as  “ Betel,”  is  universally  used  as  a stimulat- 
ing and  exhilarating  masticatory  by  the  natives  in  the  Pbist, 
meeting,  a|)parently,  some  widesj.rcad  physiological  demand. 
The  leaves  of  Pan  (Hind.)  arc  also  used  in  various  other  ways 
as  a common  household  drug  The  extract  of  the  fruit  of  Gah 
or  Diospi/ros  einbri/opleris  [l)iosjn/ri  Frne/ns,  P.I.)  is  a power- 
ful astringent  containing  tannic  acid.  'I'he  rhizome  of 
Geranium  maen/atuni.  Spotted  Cranesliill,  or  yl linn -root,  and  the 
leaves  and  stalks  of  Snniae,  Snniaeli,  or  Slinniae  (^Plins,  various 
species)  contain  both  tannic  and  gallic  acids.  The  fruit  of 
sumach  (^Plins  g/a/ira,  LkS.P.)  contains  tannic  and  malic  acids. 
Poison  In/  or  Poison  Oak  (/thus  to.vieodendron,  U.S.  P.)  contains 
poisonous  toxicodendric  acid  especially  in  spring.  The 
principal  constituent  of  the  root-bark  of  high  Idaek/iern/ (liuhiis, 
L'..'G.P.)  is  tannic  acid.  .leariie  Gorle.v,  Acacia  Bark  (B.P. 
Add.  1900),  or  Bahool,  resembles  oak-bark  in  containing 
tannic  acid. 

GuUie  Arid,  C-lI,p.,ipO  (p.  .990)  (Aeiduni  Gal/ieuni,  B.P.), 
occurs  in  small  (piantity  in  oak-galls  and  other  vegetable 
substances,  but  is  always  |)rc|);ircd  from  t.annie  acid,  (l.illic 
acid  forms  slender  acicid.ar,  fawn-coloured  crystals,  soluble  in 
100  p.arts  (it  cold  or  .‘3  of  boiling  water,  freciv  soluble  in 
alcohol,  sjiiiringly  in  ether. 

Boil  one  j.art  of  coarsely  powdered  g.alls  with  four  fluid 
pal  ts  of  dilute  sulphuric  acid  for  h;dt  ;in  hour;  strain  through 
calico  while  hot;  collect  the  crystals  that  arc  deposited  on 
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cooling,  and  purif}'^  these  by  treatment  with  animal  charcoal 
and  by  repeated  crystallization. 

Testa. — To  an  acpieous  solution  of  gallic  acid  add  a neutral 
solution  of  a ferric  salt;  a bluish-black  jirecipitate  of  ferric 
gallate  is  i)roduced,  similar  in  appearance  to  ferric  tannate. 
h'crrous  salts  ai’C  also  blackened  b}^  gallic  acid.  To  more  of 
tlie  solution  add  an  acpicous  solution  of  gelatin  ; no  precipi- 
tate is  formed.  By  the  latter  te.st  gallic  acid  is  distinguished 
from  tannic  acid. 

Pi/rogallic  acid  or  pi/rogallol,  Cj.H.,(OH),j. — This  substance 
sublimes  in  light  featiicry  cr3'stals  when  gallic  acid  is  lieated. 
Or  it  may  be  formed  b^^  licating  gallic  acid  with  3 or  4 times 
its  weight  of  glj'cerin  to  a temperature  of  190°  or  200°  C.  for 
a short  time,  until  carbonic  anhydride  is  no  longer  evolved, 
lauiger  heating  at  a lower  temperature  is  not  equall)'  effective, 
and  below  100°  C.  probabl}^  no  pyrogallol  is  ))roduccd 
( riiorpe).  'I'o  an  acpicous  solution  add  a neutral  solution  of 
a ferric  salt;  a red  colour  is  jiroduced.  'I'o  another  portion 
add  a ferrous  salt;  a deep-blue  colour  results. 

Pijragallol,  .sjui.  jiyrogallic  acid,  is  oflicially  recognised  as  a 
reagent  in  B.B.  Add.  1900. 

Test  for  the  three  acids,  tannic,  gallic,  and  piirogaUic. — To 
three  sejiarate  small  ejuantities  of  milk  of  lime  in  test-tubes 
add,  respective!}',  tannic,  gallic,  and  pyrogallic  acids  ; the  lir.st 
slowly  turns  brown,  the  second  more  rapidly,  while  the 
pyrogallic  mixture  at  once  assumes  a beautiful  purplish-red 
colour  chauffiner  to  brown.  These  reactions  arc  character- 
istic ; they  are  accompanied  by  absorption  of  oxygen  from 
the  air. 

Use  of  Pijrogallul  in  Gas-anali/.sis. — A mixture  of  pyrogallol 
and  solution  of  caustic  jiotash  absorbs  oxygen  with  such^ 
rapidity  and  comjileteness  that  concentrated  solutions  of 
each,  jiasscd  up  successively  by  means  of  a pipette  into  a 
graduated  tube  containing  air  or  other  ga.s,  over  mercury, 
form  an  excellent  means  of  determining  free  oxygen.  'I'he 
value  of  this  method  may  be  proved  roughly  by  pouring  a 
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‘small  quantity  of  each  solution  into  a bottle,  immediately  and 
Ifirmly  closing  its  mouth  with  a cork,  thoroughly  shaking  the 
Ibottle,  and  then  removing  the  cork  under  water : the  water 
irushes  in  and  occujhes  about  one-fifth  of  the  jirevious  volume 
of  air,  indicating  that  the  atmosphere  contains  one-fifth  of  its 
Ibulk  of  oxygen.  The  small  quantity  of  carbonic  anhydride 
|])resent  in  the  air  is  also  absorbed  by  the  alkaline  liquid  ; in 
delicate  exi)eriments  this  should  first  be  removed  by  means  of 
ihe  caustic  alkali  and  the  jiyrogallol  then  be  added. 


Thiocv.<\mc  Acid,  HSCN,  and  otheh  Thiocyanates. — Boil 
'together  sulphur  and  solution  of  potassium  cyanide  ; solution 
'nf  potassium  thiocyanate,  KSCN,  is  formed.  Warm  the 
'tliquid,  add  hydrochloric  acid  till  it  faintly  reddens  litmus- 
paper,  and  filter  ; any  potassium  sulphide  is  thus  decomposed, 
iind  the  solution  may  then  be  used  for  the  following  reactions. 
Il’hc  salt  readily  crystallizes. 


Tests. — 'I'o  a small  portion  of  the  solution  add  ferric 
f’hloride  ; a deep  blood-red  solution  containing  ferric  thio- 
•yanate  is  formed.  (Solutions  of  pure  ferrous  salts  are  not 
•oloured  by  thiocyanates.)  To  a jiortion  of  the  red  liquid 
idd  a little  hydrochloric  acid  ; the  colour  is  not  discharged 
1 ferric  ineconate,  a salt  of  similar  tint,  is  decolorized  by 
j hydrochloric  acid).  In  the  acid  liquid  jilace  a fragment  or 
vwo  of  zinc;  hydrogen  sulphide  is  evolved,  and  the  red 
I'olour  disappears. 

'I’o  another  portion  of  the  ferric  thiocyanate  add  solution 
bf  n\yrcuric  chloride ; the  c-olour  is  at  once  discharged, 
fferric  ineconate  is  unaffected  by  mercuric  chloride.)  Tin; 
reaction  with  ferric  salts  is  the  be.st  test  for  the  ])resence  of  a 
^ liiocyanate  ; and  indirec-tly  is  also  a good  test  for  the  presence 
bf  hydrocyanic  acid  or  other  cyanide  {see  p.  .‘lO  I).  Bed  ferric 
acetate  solution  is  deconqiosed  by  ebullition.  Neither  the 
lerric  acetate  nor  the  ineconate  yields  its  colour  to  ether  ; 
♦>ut,  on  shaking  ferric  thiocyanate  solulion  witli  ether,  the 
latter  takes  up  the  thiocyanate  and  becomes  of  a purple 
tolour, 
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'I'o  u solution  of  a tliiocj'aimte  add  solution  of  mercuric 
nitrate ; mercuric  thiocyanate  is  precipitated  as  a white 
powder. 

Pli(irao/i'x  Serpents.  — Mercuric  thiocyanate,  thoroughly 
washed  and  made  uj)  into  little  cones,  forms  the  toy  termed 
IMiaraoh’s  serpent.  It  readily  burns  when  ignited,  the  chief 
j>roduct  being  a light  solid  matter  (mellon,  C^-RgN,,,  and 
melam,  C,jH,,N,j),  which  issues  from  the  cone  in  a snake-like 
coil  of  extraordinary  length.  The  other  products  are  mercuric 
sulphide  (of  which  part  remains  in  the  residue  and  part  is 
volatilized),  nitrogen,  sulphurous  anhydride,  carbonic  anhy- 
dride, and  vapour  of  metallic  mercury. 

'I'he  thiocyanic  radical  (SCN)  is  termed  thiocyanogen. 
'I’he  thiocyanates  were  ibrmerly  called  siilplioei/anhies.  Saliva 
contains  thiocyanates. 

Uiuc  Acid,  CglljN^Og,  and  otiikii  Urates. — Acidulate  a 
few  ounces  of  human  urine  with  hydrochloric  acid  and  set 
aside  for  twenty-four  hours  ; a few  minute  crystals  of  uric 
acid  will  be  found  adhering  to  the  sides  and  bottom  of  the 
vessel  and  floating  on  the  surface  of  the  licpiid. 

MieroseopiedI  Test. — Place  some  of  the  floating  jiarticles 
on  a slip  of  gla.s.s,  and  examine  them  under  a j)owerful  lens 
or  a microscope ; the  chief  portion  will  be  found  in  the 
form  of  more  or  less  square,  yellowish,  semi-transj)arent 
crystals,  two  of  the  sides  of  which  are  even,  and  two  very 
jagged  ; but  other  forms  are  common.  (^Se.e  the  lithographs 
in  the  section  on  Urinary  Sediments.) 

('hemien!  Te.st. — Collect  more  of  the  deposit,  place  in  a 
watch-glass  or  small  white  evajiorating-dish,  remove  adherent 
moisture  by  means  of  filtei-paj)cr,  add  a droj)  or  two  ot 
concentrated  nitric  acid,  and  evaporate  to  dryness;  the 
residue  will  be  red.  When  the  dish  is  cold,  add  a drop  of 
solution  of  ammonia  ; a ])urplish-crim.son  colour  results.  1 1>6 
colour  is  deepened  on  the  addition  of  a droj)  of  solution  of 
cau.stic  potash. 
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Xolcs. — Uric  acid  (or  lithic  acid)  and  sodium,  potassium, 
calcium,  and  ammonium  urates  (or  litliates)  are  common  con- 
stituents of  animal  excretions.  Human  urine  contains  about 
one  part  of  urate  (usually  sodium  urate)  in  1000.  When 
more  than  this  is  present,  the  urate  is  often  deposited  as  a 
sediment  in  the  excreted  urine,  either  at  onee,  or  after 
standing  a short  time.  Urie  acid  or  other  urate  is  also 
occasionally  deposited  before  leaving  the  bladder,  and, 
slowly  accumulating  there,  forms  a common  variety  of 
urinary  calculus. Some  urates  are  not  definitely  crystal- 

line ; but,  when  treated  with  dilute  nitric  acid  or  a drop  of 
solution  of  caustic  })otash  and  then  a dro])  or  two  of  acetic 
; acid,  microscoj)ic  crystals  of  uric  acid  are  usually  formed. 

All  urates  yield  the  crimson  colour  when  treated  as 

(.above  described.  This  colour  is  due  to  a definite  substance, 
murexid,  C..Hj.N,;0^  (from  murex,  a shell-fish  of  similar  tint, 
from  which  the  ancient  and  highly  valued  ])urple  dye  seems 
rto  have  been  j)re]iared),  and  the  test  is  known  as  the  murexid 
"test.  The  formation  of  murexid  is  due  to  the  action  of 
ammonia  on  alloxan,  C^H,,N„0^,4H.,0,  and  other  white 
crystalline  products  of  the  oxidation  of  uric  acid  by  nitric 
acid.  Murexid  is  a good  dye ; it  may  be  prepared  from 
guano  (the  excrement  of  sea-fowl),  which  contains  a large 

quantity  of  ammonium  urate. The  excrement  of  the 

serpent  is  almo.st  j)ure  ammonium  urate. 

Uric  acid  and  the  urates  will  again  be  alluded  to  in 
I connection  with  the  subject  of  morbid  urine. 

Conslilu/ion  oj  Lric  Acid. — The  physiological  and  |)alho- 
logical  im|)ortance  of  urie  acid  has  obtained  for  it  great 
attention  from  chemists.  I’or  accounts  of  what  has  been 
done  in  recent  years  towards  elucidating  its  constitution, 
students  of  organic  chemistry  may  consult  the  Phannaceutical 
Journal,  3rd  Serie.s,  vol.  xiv.,  |).  771  ; vol.  xv.,  j)p.  119  and 
I ill  ; and  vol.  xviii.,  p.  G9.  (Act'  formida  on  p.  (130). 

I 

: VAl.KItlAMC  Acil)  (oil  VaI.KIUC  .AcId),  IK'.!!,/),,  AND  OTIII  II 

Vai.khianatks.— In  a test-tube  place  a few  drops  of  amyl 
I alcohol  (fu.sel-oil,  which  is  imiiure  amyl  alcohol,  may  be  used) 

• with  a little  dilute  sulphuric  acid  and  a grain  or  two  of  potas- 
Isium  bichromate,  cork  the  tube,  set  aside  for  a few  hours,  and 
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then  lieat  the  mixture ; valerianic  acid,  of  characteristic 
valerian-like  odour,  is  evolved. 


Valerianic  acid  occurs  in  valerian-root  in  association  with 
the  essential  oil  from  which  it  is  apparently  derived  (.vcc 
j).  510),  but  is  usually  prepared  artificially,  by  the  foregoing 
process,  from  am}'!  alcohol,  to  which  it  bears  the  same 
relation  that  acetic  acid  docs  to  common  alcohol  ; — 


C:.J  bOH  + 20  = HC.,M,0„  + H„0 

cji,;oii  I-  20= M(vi;,o:+  i-i:o 

Sodium  J’alcridualc.,  Na('jH,,0„,  is  prepared  from  the 
valerianic  acid  and  amyl  valerianate  obtained  on  distilling 
a mixture  of  amyl  alcohol,  sulphuric  acid,  potassium  bichro- 
mate, and  water.  The  mixture  should  stand  for  several 
hours  before  heat  is  a])])lied. 


c,n,,oii  + 20  = nc,H„o^  + up 

Amyl  alcohol  Oxyt'cii  Valiiriaiiic  acfil  Water 

2qn„OII  + 20  = C,M„C,llj,0,  -t-  2II.p 

Amyl  alcohol  Oxygen  Amyl  vahnianalo  Water 


The  distillate  is  saturated  with  caustic  soda,  which  not 
only  yields  .sodium  valerianate  with  the  free  valerianic  acid, 
but  also  dec’omposes  the  amyl  valerianate  jiroduced  at 
the  same  time,  more  sodium  valerianate  being  formed  and 
some  amyl  alcohol  set  free,  according  to  the  following  etpia- 
tions  : — 


Ma,lJ,,0.,  + NaOlI  = Naqn^O,  -f  H.,0 

Valerianic  aefd  Caustic  soda  Hodinm  valorianato  Water 

fVI,,r,H„0„  + NaOII  = NaC,H,0,  + C,H  OH 

Amyl  valerianate  Caustic  soda  Sodium  valerianate  Amyl  alcohol 

From  the  solution  of  sodium  valerianate  (which  should  be 
made  neutral  to  test-])aper  by  careful  addition  of  caustic  soda 
solution)  the  solid  white  salt  is  obtained  by  evajioration  to 
dryness  and  cautious  fusion  of  the  residue.  I he  mass 
obtained  on  cooling  should  be  broken  u])  and  kept  in  a well- 
closed  bottle.  It  should  be  entirely  soluble  in  alcohol. 

Ollier  ralcrianalex,  as  zinc  valerianate,  Zn((y  1„()„).,  (/»«''; 
raleriaiias,  B.P.),  and  ferric  valerianate,  Fe(Cr,H,|()^)3  (Feiri 
J’alerianas,  U.S.P.),  may  be  made  by  the  interaction  of  sodium 
or  other  valerianate  and  the  sulphate  or  other  salt  of  the  metal 
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the  valerianate  of  whieh  is  desired,  the  new  valerianate  either 
preei j)itatinf^  or  erystallizinj;^  out.  A hot  solution  of  zine 
sulphate  (o'}  parts)  and  sodium  valerianate  (5  parts)  in  water 
(40  parts)  gives  a crop  of  crystals  of  zinc  valerianate  on 
cooling.  Aitununii  J a/criaiuis,  U.S.P.,  in  white  lamellar 
crystals,  results  when  dry  ammonia  gas  is  passed  into  valer- 
ianic acid. 


TcsLs. — Heated  with  dilute  sulphurie  acid  valerianates 
•of  the  metals  give  a highly  characteristic  smell  (valerianic 
;acid). 

Sole. — Of  the  four  possible  varieties  of  valerianates,  the 
foregoing  are  the  ordinary  or  i.so-valcriauatex,  the  constitu- 
ttional  formula  for  the  acid  being  (0113).,  = CH  - CH_,  - COOH. 
■See  the  Acetic  Series  of  Acids  in  the  Section  on  Organic 
•Chemistry. 


The  amyl  alcohol  (C'dIjjOll)  from  which  valerianates  are 
iprepared  may  contain  the  next  lower  member  of  the  homo- 
flogous  series  of  alcohols,  hiihjl  alcohol,  C|H,,OH.  This 
falcohol,  during  the  oxidation,  will  be  converted  into  lialip'ic 
racid,  H('|H-0.„  the  next  lower  homologue  of  valerianic  acid, 
IHC.ll,jO.„  and  hence  the  various  valerianates  may  be 
:contaminated  by  some  hiiljrales.  These  are  detected  by 
distillation  with  dilute  sulj)hurie  acid  and  addition  of  solution 
kof  cu|)ric  acetate  to  the  distillate,  which  at  once  becomes 
turbid  if  butyric  acid  be  ])resent.  In  this  reaction  valerianic 
lacid  and  butyric  acid  are  produced  by  interaction  of  the 
ivalerianate  and  butyi'ate  and  the  sul|)hui'ic  acid,  and  they 
'.distil  over  on  the  application  of  heat.  On  the  addition  of 
jcupric  acetate,  Cu(C.,l l.j( ).,),,,  cupric  butyrate,  Cu(C,H-0.,).„  is 
■formed,  and,  being  almo.st  insoluble  in  water,  is  at  once 
precipitated,  or  remains  sus])ended,  giving  a bluish  white 
•opalescent  liepjid.  Cu|)rie  valerianate,  (iu((y  I, ,()„)„,  is  al.so 
•formed  after  some  time,  but  is  far  more  soluble  tlian  the 
•butyrate,  and  only  slowly  collects  in  the  form  of  greenish 
'•oily  drops,  which  gradually  pass  into  greenish-blue  hydrous 
Icrystalline  cupric  valerianate  (I/arotapie  and  lluralt). 
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QUESTIONS  AND  EXERCISES 

Mention  test  for  nitrites  in  potable  waters. — Whieh  nitrates  are 
offieial? — Give  the  names  of  some  natural  and  artificial  silicates. — 
“ Wliat  is  soluble  glass  ”? — Distinguish  between  silica  and  silicic  acid. 
— I low  arc  silicates  detected  ? — What  is  the  quantivalence  of  silicon  ?— 
Mention  the  sources,  formula?,  and  analytical  reactions  of  succin- 
ates.— Shite  the  mode  of  manufacture  of  and  tests  for  thiocyanates. — 
What  proportion  of  tannic  acid  is  contained  in  galls? — Describe  the 
process  for  the  jireparation  of  tannic  acid.— Explain  the  chemistry  of 
“tanning.” — Enumerate  the  tests  for  tannic  acid. — What  is  the 
formula  lor  tannic  acid? — Mention  official  substances  other  than  galls 
whose  astringency  is  due  to  tannic  acid. — How  is  gallic  acid  pre- 
])ar<“d  ? — By  what  reaction  is  gallic  acid  distinguished  from  tannic 
acid? — Mention  the  characteristic  jiropcrties  of  pyrogallic  acid. — 
Ex])lain  the  miirexid  test  for  uric  acid. — Describe  the  artificial 
])rej)aralion  of  valerianic  acid  and  other  valerianates,  giving  ecpiations. 
— What  is  the  formula  of  valerianic  acid? — How  are  butyrates 
detected  in  presence  of  valerianates? 


DhyrKCTION  OK  THE  ACID  RADICALS  OF  SALTS 
SOLUBLE  IN  WATER 

In  examining  a salt  .soluble  in  water,  and  concerning 
which  no  general  inlonnation  is  obtainable,  search  must  first 
be  made  for  the  metallic  radical  by  the  ajiprojiriate  methods 
(.SY'C  j))).  2GS,  27.3,  etc.).  The  metal  having  been  detected, 
consideration  of  the  character  of  its  salts  will  indicate  which 
acid  radicals  may  be,  and  which  cannot  be,  jiresent.  I bus, 
for  instance,  if  the  substance  under  examination  is  freely 
soluble  in  water  and  lead  is  found,  only  the  nitric  and  acetic 
radicals  need  be  sought,  none  other  of  the  lead  salts  than 
nitrate  or  aeelate  being  freely  .soluble  in  water.  Moreover 
the  salt  is  more  likely  to  be  lead  acetate  than  nitrate,  for  two 
reasons  : the  former  is  more  soluble  than  the  latter,  and  is 
by  far  the  commoner  salt  of  the  two.  Medical  and  phar- 
maceutical students  have  probabl)',  in  dispensing,  already 
learnt  much  concerning  the  solubility  of  salt.s,  and  whether 
a salt  is  I'arcly  employed  or  is  in  common  use.  And  although 
but  little  dependence  can  be  j)laced  on  the  chances  of  a salt 
being  present  or  absent  according  to  its  rarity,  still  the 
point  may  have  its  |)ro|)cr  weight.  If,  in  a mixture  of  salts, 
ammonium,  potassium,  and  magnesium  have  been  found 
associated  with  the  sulphuric,  nitric,  and  hydrochloric 
radicals,  and  we  are  asked  how  we  suppose  these  bodies  may 
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lhave  existed  in  the  mixture,  we  are  mucli  more  likely  to  be 
•correct  if  we  suggest  that  sal-ammoniac,  nitre,  and  Epsom 
-salt  were  originally  mixed  togetlier,  than  if  we  sujipose  any 
tother  j)ossible  combination.  Such  apj)eals  to  exj)erience 
iregarding  the  solubility  or  rarity  of  salts  cannot  be  made  by 
^any  one  unaccpiainted,  or  insuhiciently  acquainted,  with  the 
ccharacters  of  salts  ; in  such  cases  the  relation  of  a salt  to 
water  and  acids  can  be  ascertained  by  referring  to  the 
tfollowing  Table  (p.  403)  of  the  solubility  or  insolubility  of 
bout  five  hundred  of  the  common  and  rarer  salts  met  with 
i chemical  operations. 

The  alternative  course  to  the  above  (namely,  to  ascertain 
hich  acid  radicals  are  j)resent  in  a mixture,  and  then  to 
i])eal  to  exjierience  to  tell  which  metallic  radicals  may  be 
id  which  cannot  be  j)resent)  is  imjn-acticable ; for  acid 
idicals  cannot  be  sejuirated  out,  one  after  the  other,  from 
le  and  the  same  quantity  of  substance  by  a similarly  simple 
eatment  to  that  already  given  for  metallic  radicals.  Indeed 
ich  a separation  of  acid  radicals  could  scarcely  be  accom- 
lished  at  all,  or  only  by  a vast  amount  of  labour.  The 
letallic  radicals  must  therefore  be  detected  first. 

Even  ivhen  the  metallic  radicals  have  been  found,  the 
:id  radicals  which  may  be  present  must  be  sought  for  singly, 
le  chief  additional  aid  which  can  be  brought  in  being  the 
ition  of  sulphuric  acid,  a barium  salt,  a calcium  salt,  silver 
itrate,  and  ferric  chloride  on  xeparalc  small  portions  of  the 
dution  under  examination,  as  detailed  in  the  second  of  the 


following  Tables. 


Before  commencing  the  analysis  of  an  acpieous  solution 
1'f  a salt  or  .salts,  the  metallic  radicals  in  which  are  known, 
ascertain  which  acid  radicals  may  be,  or,  what  comes  to  the 
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Some  of  tlie  salts  marked  as  insoluble  in  water  are  soluble 
in  aciueous  solutions  of  soluble  salts,  a few  forming  soluble 
double  salts.  To  characterize  salts  as  soluble,  slightljr 
soluble,  or  insoluble,  only  roughly  indicates  their  relation  to 
water : on  the  one  band,  very  few  salts  are  absolutely  in- 
soluble in  water;  on  the  other,  there  is  a limit  to  the 
solubility  of  every  salt. 

If  only  one,  two,  or  perhaps  three  given  arid  radicals  can  he 
present  in  the  solution,  test  directly  for  it  or  them  according  to  the 
reactions  given  in  the  previous  pages.  If  several  may  he  present, 
pour  small  portions  of  the  solution,  rendered  neutral  if  necessary 
hy  addition  of  ammonia,  into  five  test-tuhes,  and  add  respectively 
sulphmic  acid,  harii/m  nitrate  or  chloride,  calcium  chloride,  silver 
nitrate,  and  ferric  chloride ; then  consult  the  Table  on  p.  404, 
in  order  to  inlerprel  correctly  the  effects  these  reagents  may  have 
produced. 


Hkmahks  on  the  Taui.e,  p.  404. 

'I’he  first  point  of  value  to  be  noticed  in  connection  with 
this  Table,  is  one  of  a negative  character ; namely,  if  either 
of  the  reagents  gives  no  reaction,  it  is  self-evident  that  the 
salts  which  it  decomposes  with  jiroduction  of  a ])recipitate 
must  be  absent.  Then,  again,  if  the  action  of  one  of  the 
reagents  indicates  the  absence  of  certain  acid  radicals,  those 
radicals  cannot  be  amongst  those  jirecipitated  by  the  other 
reagents;  thus,  if  the  action  of  sulphuric  acid  points  to  the 
absence  of  sulphides,  sulphites,  carbonates,  cyanides,  and 
acetates,  these  salts  may  be  struck  out  of  the  other  lists,  and 
the  examination  of  subsequent  precipitates  is  so  far  simplified. 
Or,  if  the  barium  precipitate  is  soluble  in  h3'drochloric  acid 
and  the  calcium  precipitate  in  acetic  acid,  neither  sulphates 
nor  oxalates  can  be  present.  Observing  these  and  other 
])oints  of  difference,  which  will  be  seen  on  careful  and 
thoughtful  reffection,  and  remembering  the  facts  suggested 
by  a knowledge  of  what  metallic  radicals  are  present,  one 
acid  radical  after  another  may  be  struck  off  as  absent  or 
jiresent,  leaving  only  one  or  two  as  the  objects  of  sjiccial  ex- 
periment. Among  the  chief  difficulties  to  be  encountered 
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* The  asterisk 
indicates  slight 
solubility. 

Aluminium . . 

Ammonium 
Antimony  . . 

Barium  . . . 

Bismuth . . 

Cadmium  . . 

Calcium  . . . 

Chromium  . . 

Cobalt  . . . 

Copper  . . 

Ferric  . . . 

Ferrous  . . . 

Gold  .... 
Lead  .... 
Magnesium.  . 
Manganese  . . 

Mercuric  . . 

Mercurous  . . 

Nickel  . . . 

Platinum  . . 

Potassium  . . 

Silver  . . . 

Sodium  . . . 

Stannic  . . . 

Stannous  . . 

Strontium  . . 

Zinc  .... 

1 

TABLE  TO  AID  IN  THE  DETECTION  OF  CHLORIDES,  BROMIDES,  IODIDES,  CYANIDES,  NITRATES,  CHLORATES, 
BORATES,  ACETATES,  SULPHIDES,  SULPHITES,  SULPHATES,  CARBONATES,  OXALATES,  TARTRATES,  PHOS- 
PHATES, AND  CITRATES  IN  A NEUTRAL  AQUEOUS  SOLUTION. 

(For  remarks  concerning  this  Table,  see  pp.  402  and  405.) 
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No(c.— The  student  should  practise  the  examination  of  aqueous  solutions  of  salts  until  able  to  detect  acid  radicals  with  facility  and 
precision,  ror  this  purpose  he  may  finish  the  analyses  of  salts  or  solutions  already  examined  for  metallic  radicals,  or  have  aqueous 
.^lutions  of  salts,  or  the  salts  themselves,  specially  prepared  for  present  use  by  a friend,  the  metals  of  the  salts  being  stated.  He  will  then 
be  in  a position  to  study  effectively  the  analysis  of  salts  which  may  or  may  not  be  soluble  in  water,  examining  them  for  both  metallic 

and  acid  radicals  (see  p.  400).  .f  ^ » o 
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will  be  the  sejiaration  from  each  other  of  chlorides,  bromides, 
iodides,  and  cyanides,  or  of  tartrates  from  citrates,  and  con- 
firmatory tests  of  the  presence  of  certain  compounds.  These 
may  all  be  surmounted  on  referring  back  to  the  reactions  of 
the  various  radicals  as  described  under  their  hydrogen  salts, 
the  acids. 

In  rendering  a solution  neutral,  for  the  application  of  the 
various  group-tests,  the  necessary  employment  of  any  large 
amount  of  acid  or  of  alkali  must  be  noted,  the  presence  of 
alkaline  hydroxides  or  of  free  acids,  respectively,  being 
thereby  indicated.  The  presence  of  free  acid  is  usually 
indicated  by  the  abundant  effervescence  which  results  on  the 
addition  of  a carbonate. 

Sulphuric  acid,  the  first  group-reagent,  may  itself  yield  by 
reduction,  especially  when  heated  with  certain  solid  sub- 
stances, sulphurous  acid  or  hydrogen  sulphide  {sec  pp.  327 
and  293) ; hence  the  production  of  these  fi  om  a dHuled 
solution  should  alone  be  regarded  as  evidence  of  the  presence 
of  a sulphide  or  sulphite. 

Calcium  chloride  does  not  precipitate  citrates  readily  or 
completely  in  the  cold  : therefore  the  mixture  should  be 
filtered  and  the  filtrate  boiled  ; calcium  citrate  then  separ- 
ates. Calcium  tartrate  is  soluble  in  solution  of  ammonium 
chloride  when  (juite  freshly  precipitated,  but  not  after  it 
has  become  crystalline.  From  their  solutions  in  ammonium 
chloride,  calcium  tartrate  is  mostly  precipitated  by  ammonia, 
and  calcium  citrate  on  boiling. 

The  rarer  acid  radicals  will  be  very  seldom  met  with. 
Ihe  presence  of  benzoates,  /dppurates  (which  give  benzoic 
add),  In/pochlorites,  thiosulphates,  nitrites,  and  valerianates  will 
be  indicated  during  the  treatment  with  sulphuric  acid. 
I' errocijanidcs,  J'errin/anidcs,  nieconates,  succinates,  thiocyanates, 
lunnalcs,  and  gatlates  are  among  the  salts  whose  jiresence 
is  indicated  by  ferric  chloride;  formates,  hypophosphites, 
vialates,  and  others  are  indicated  by  silver  nitrate.  Urates 
char  when  heated,  giving  an  odour  resembliim  that  of 
burnt  feathers. 

In  actual  practice  the  analyst  nearly  always  has  some  clue 
to  the  nature  of  rarer  substances  ])laced  in  his  hands. 

If  chromium  and  arsenium  have  been  detected  among  the 
metallic  radicals,  these  elements  may  be  present  in  tbe  form 
of  chromates,  arsenates,  and  arscniles,  yielding  with  barium 
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cliloride  yellow  barium  chromate  and  white  barium  arsenate 
and  arsenite,  and  with  silver  nitrate  red  silver  chromate, 
brown  silver  arsenate,  and  yellow  silver  arsenite. 


QUESTIONS  AND  EXERCISES 

III  analysing  an  aqueous  solution  of  salts,  for  which  radicals  would 
you  first  scaridi,  the  metallic  or  the  aeid,  and  why? — In  an  aqueous 
solution  there  have  been  found  magnesium  (Mg)  and  potassium  (K), 
with  the  sulphuric  radical  (SO^),  and  iodine  (I);  state  which  salts 
were  ]irobably  dissolved  originally  in  the  water,  and  mention  the 
considerations  which  guide  you  to  the  conclusions. — Give  a sketch 
of  the  methods  by  which  you  would  examine  a neutral  or  only  faintly 
acid  aqueous  liquid  for  the  acid  radicals  which  might  be  present.  In 
what  stages  of  the  examination  would  the  following  salts  be  detected? 
(I.  Carbonates  and  Sulphates.  I).  Oxalates.  c.  Tartrates  and 

Nitrates,  d.  Acetates  and  Sulphites.  6.  Bromides  and  Cyanides. 
/.  Borates.  ;/.  Iodides  and  I’hosphatcs.  /;.  Chlorates,  Oxalates, 
and  Acetates,  i.  Chlorides  and  lodide.s.  ;/.  Sulphites.  k.  Sul- 
phides, Carbonates,  and  Nitrates.  /.  Citrates  and  Sulphates.— Silver 
nitrate  gives  no  precipitate  in  a given  aqueous  solution  ; what  acid 
radicals  may  be  present  ? — Barium  chloride  gives  no  precipitate  in  a 
given  neutral  solution,  but  silver  nitrate  gives  a white  precipitate ; 
what  acid  radicals  arc  indicated  ? — Ecrric  chloride  produces  a deep- 
red  colour  in  a solution,  calcium  chloride  yielding  no  precipitate; 
what  .salts  may  be  present,  and  how  may  they  be  distinguished 
from  each  other? — Eerric  chloride  gives  a black  precipitate  in  a 
solution  in  which  sulphuric  acid  develops  no  odour  ; to  what  is  the 
effect  due  ? 


ANALYSIS  OF  SALTS 

SINGLE  OR  MIXED,  SOLUBLE  OR  INSOLUBLE 

Thus  far,  most  of  the  substances  wliich  liave  been  con- 
sidered, esj)ecially  those  of  pharmaceutical  interest,  have  been 
regarded  as  definite  compounds,  and  as  having  certain  well- 
defined  radicals  termed  metallic  and  acid  respective!}'  : more- 
over attention  has  been  designedly  re.stricted  to  those  definite 
compounds  which  are  soluble  in  Avater.  But  there  still  are 
numerous  substances  having  no  definite  or  knoAvn  compo.si- 
tion  ; and  of  those  having  definite  composition  there  are  numy 
having  no  definitely  ascertained  radicals.  Again,  ol  those 
having  definite  comj)osition,  and  whose  constitution  has  been 
in  j)art  or  entirely  elucidated,  there  are  many  insoluble  in 
Avater. 
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Chemical  substances  of  wliose  composition  or  constitution 
little  or  notliing  is  at  present  known,  are  chiefly  of  animal 
and  vegetable  origin  ; they  are  nut  of  immediate  importanee, 
and  may  be  omitted  from  consideration  here. 

Of  substances  which  are  definite  in  composition,  but  Avhose 
])arts  or  radicals  are  unknown  or  imperfectly  known,  there  are 
only  a few  (such  as  the  alkaloids,  amylaceous  and  saccharine 
matters,  the  glucosides,  and  the  albumenoid,  resinoid,  and 
animal  and  vegetable  colouring  matters)  which  have  any  con- 
siderable amount  of  medical  or  pharmaceutical  interest ; these 
will  be  noticed  subsequently. 

Definite  compounds  most  freciucntly  present  themselves  ; 
and  of  these  by  far  the  larger  proportion  (namely,  the 
salts  soluble  in  water)  have  already  been  studied.  'I'liere 
remain,  however,  many  salts  which  are  insoluble  in  water, 
but  which  must  be  brought  into  a .state  of  solution  before 
they  can  be  effectively  examined.  dhe  next  subject  of 
laboratory  work  is,  therefore,  the  analysis  of  substances 
which  ma)'  or  may  not  be  soluble  in  water.  This  will  in- 
volve no  other  analytical  schemes  than  those  which  have  been 
given,  and  will  in  only  one  or  two  cases  increase  the  diffi- 
culty of  the  analysis  of  a preci[)itate  produced  by  a group- 
reagent  ; but  it  will  give  roundness,  comj)leteness,  and  a 
practical  bearing  to  the  student’s  analytical  knowledge.  Such 
laboratory  work  will  at  the  same  time  bring  into  notice  the 
methods  by  which  substances  insoluble  in  water  are  manipu- 
lated for  pharmaceutical  purj)oscs,  or  are  made  available  for 
use  as  food  for  ))lants,  or  as  food  or  medicine  for  man  and 
animals  generally. 


I’rclimiiKinj  lixaminalion  (if  Solid  {i-hirjlii  miucral^  Soils. 

before  attempting  to  dissolve  a .salt  for  analysis,  its  appear- 
ance and  other  physical  i)ro])ertie.s  should  be  noted,  and  the 
Hiffuence  of  heat  and  concentrated  .sul|)huric  acid  should  be 
ascertained.  I iilcss  the  operator  knows  how  to  interpret 
^ 'at  is  thus  observed,  and  to  what  extent  he  can  pl;ice  con- 
ndence  m his  observation.s,  he  should  omit  the  |)rcliminary 
examination  altogether,  except  when  he  is  .able  to  follow  it 
•>u  iiiK  Cl  the  guidance  of  a judicious  teacher;  for  it  is  im- 
imicticalile  here  to  do  more  than  hint  at  the  results  which 
may  >c  obtained  by  such  an  examination,  or  so  to  adapt 
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descriptions  as  to  prevent  a student  allowing  unnecessary 
w'eiglit  to  attach  to  preconceived  ideas. 

Whatever  he  the  course  pursued,  short  memoranda  describ- 
ing results  should  invariably  be  entered  in  the  note-book. 

1.  Examine  the  physical  characters  of  the  salt  in  various 
ways,  but  only  rarely  and  cautiously,  by  the  2)alate,  on  account 
of  the  danger  of  so  doing. 

If  the  salt  i.s,  to  the  eye,  white,  little  more  than  traces  of 
distinctly  coloured  sub.stances  can  be  ))resent ; if  coloured, 
tbe  tint  may  indicate  the  nature  of  the  substance  or  of  one  of 
its  constituents,  supj)osing  that  the  student  is  already 
accpiaintcd  with  the  colours  characteri.stic  of  certain  salts. 
Closer  observation,  aided  perliaj)s  hy  a lens,  may  reveal  the 
presence,  in  a pulverulent  mixture,  of  small  cry.stals  or  jiieces 
of  a .single  substance;  these  should  be  jncked  out  by  means 
of  a needle  or  forcc])s  and  examined  sej>arately.  In  a jiowder 
or  roughly  pulverized  mixture  of  substances,  tlie  process  of 
sifting  (through  such  sieves  as  muslin  of  different  degrees  of 
finene.ss)  often  mechanically  separates  substances,  and  thus 
greatly  facilitates  analysis.  The  substance  may  ])resent  an 
undoubted  metallic  ap]>earance,  in  which  case  only  the  metals 
existing  under  ordinary  atmospheric  conditions  need,  as  a 
rule,  be  sought  for.  Peculiarity  in  smell  reveals  the  ))i-esence 
of  ammonia,  hydrocyanic  acid,  hydrogen  sulj)hide,  etc. 
Between  the  fingers  a substance  is,  j)erhap.s,  hard,  soft,  or 
gritty,  and  from  such  a character  useful  inferences  may  be 
drawn.  Or  the  substance  may  be  heavy,  like  the  salts  of 
barium  or  lead,  or  light,  like  the  magnesium  carbonates  and 
oxides  ; or  it  may  be  one  of  the  })harmaceutically  w'ell-known 
class  of  “scale  ” prcj)arations. 

2.  Place  a grain  or  two  of  the  salt  in  a dry  test-tube  or 
in  a piece  of  glass  tubing  closed  at  one  end,  and  heat  it,  at 
first  gently,  then  more  strongly,  and  finall}'.  if  neces,sary,  in 
the  blowpipe-flame. 

Gases  or  vapours  of  characleristic  ai)pearance  or  odour 
may  be  evolved,  such  as  iodine,  nitrous  fumes,  sulphurous 
aidiydride,  hydrocyanic  acid,  or  ammonia.  Much  steam 
given  off  by  a dry  sub.stance  indicates  either  hydroxides  or 
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salts  contiiining'  water  of  crystallization.  (A  small  quantity 
of  interstitial  moisture  often  causes  heated  crystalline  sub- 
stances to  (Iccrepilale — from  dccrcpo,  I crackle — that  is,  break 
up  with  slight  explosive  violence,  owing  to  the  exj)an.‘-ive 
force  of  the  steam  suddenly  generated.)  A sublimate  may 
result,  due  to  salts  of  ammonium,  mercury,  or  arsenium,  to 
oxalic  or  benzoic  acid,  or  to  sulphur  free  or  as  a sulphide — a 
salt  wholly  volatile  containing  such  substances  only.  The 
compound  may  blacken,  pointing  to  the  j^resence  of  organic 
matter — which,  in  ordinary  salts,  wall  probably  be  in  the 
form  of  acetates,  tartrates,  and  citrates,  or  as  common  salts 
of  the  alkaloids  morphine,  quinine,  strychnine,  or  as  starch, 
sugar,  salicin ; or  it  may  be  in  other  definite  or  indefinite 
forms  common  in  pharmacy,  and  for  which  tests  will  be  given 
in  subsequent  pages.  If  no  charring  occur.s,  the  important 
fact  is  established  that  organic  matter  is  not  likely  to  be 
present — excejit  }>erhaps  cyanides,  formates,  or  oxalate.s, 
which  do  not  char.  The  residue  may  change  colour  from  the 
presence  or  development  of  zinc  oxide,  iron  oxide,  etc.,  or 
melt  from  the  presence  of  a fusible  salt  and  absence  of  any 
large  proportion  of  infusible  salt,  or  be  unaltered,  showing 
the  absence  of  any  large  amount  of  such  substances. 

3.  Place  a grain  or  two  of  the  salt  in  a test-tube,  add  a 
drop  or  two  of  concentrated  sulphuric  acid,  caii/ioii.s/ij  smell- 
ing any  gas  that  may  be  evolved ; afterwards  slowly  heat 
the  mixture,  noticing  the  effect,  and  stopjung  the  ex2)eriinent 
when  any  sulphuric  fumes  begin  to  escape. 

iodine,  bromine,  and  nitrous  or  chlorine-like  fumes  will 
reveal  themselves  by  their  colour,  indicating  the  presence 
oHodides,  iodates,  brornide.s,  bromates,  nitrate.s,  and  chlorates. 
I he  evolution  of  a colourless  gas,  fuming  on  coming  into 
contact  with  air  and  having  an  irritating  odour,  points  to 
chlorides,  fluorides,  or  nitmtes.  Gaseous  products  having 
a greenish  colour  and  odour  of  chlorine  indicate  chlorates, 
hypochlorites,  or  chlorides  mixed  with  other  substances, 
flight  sharp  e.x|)losions  betoken  chlorates.  PiVolution  of 
colourless  gas  may  proceed  from  cyanide.s,  acetate.s,  sul- 
phides, sulphites,  carbonates,  or  oxalates.  Charring  will  be 
due  to  citrates,  tartrates,  or  other  organic  matter.  If  none 
o these  effects  is  [)roduccd,  most  of  the  al)ove-namcd  sub- 
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stances  are  absent  or  only  ])reseat  in  minute  proportion. 
'I'lie  substances  apparently  unaffected  by  the  treatment  are 
metallic  oxides,  borates,  sulphates,  and  idiosphates. 

•1.  Exj)ose  some  of  the  substance  to  the  blowpij)e-flame 
on  platinum  wire,  with  or  without  a bead  of  borax  or  of 
microcosmic  salt*  (sodium,  ammonium,  hydrogen  phosphate, 
NaN  1 1 ,1  J 1’0|,4  I i^O)  ; on  jdatinum  foil,  or  in  a porcelain 
crucible,  or  on  a crucible  lid,  with  or  without  sodium  car- 
bonate ; or  on  charcoal,  aloiie  or  in  conjunction  with 
sodium  carbonate,  jiotassium  cyanide,  or  cobalt  nitrate. 
This  experiment  will  .sometimes  yield  ini])ortant  informa- 
tion, es))ecially  to  one  who  has  devoted  much  attention  to 
reactions  producible  by  the  blow|)ipe-flame.  I’lie  medical 
or  pharmaceutical  student,  however,  will  seldom  have  time 
to  work  out  this  subject  to  an  extent  sufficient  to  make  it 
a trustworthy  guide  in  analysis. 

Mclliods  of  Disxoh'iiig  aiid  Anali/xing  Single  or  Mired 
Solid  Snhxianees. 

Iloring  snlyniilled  the  suhslnnce  to  jyrelinmHirij  ex(mm(dion, 
jjroceed  lo  dixxolre  and  anali/xe  bij  Ihe  following  melliods.  These 
operalions  consisl  in  Irea/ing  the  well-powdei'ed  substance  con- 
secntivchf  wiUi  cold  or  hot  iraler,  In/drocldoiic  acid,  nitric  acid, 
nitro-hi/drochloric  acid,  or  J using  with,  alkali-metal  carbonates  and 
dissolcing  the  jn'oduct  in  /rater  a//d  acid.  The  resulting  Hq/iids 
are  analysed  in  the  manner  already  described,  or  by  slightly 
modified  processes  as  detailed  in.  the  following  paragraphs. 

Solution  in  li'aicr. — JBoil  about  a grain  of  the  salt  pre- 
sented for  anal3'sis  in  about  a third  of  a test-tubeful  ot 
water.  If  it  dissolves,  prej)are  a solution  of  about  20  or 
30  grains  in  half  an  ounce  or  more  of  water,  and  proceed 
vith  the  analy.sis  in  the  usual  iray,  testing  first  lor  the  metallic 
radical  or  radicals  b}'  the  ])roper  grouj)-reagents  (MCI,  lES, 
NII,SII,  (NH,,),C().j,  (NIIJJII’O.,),  p.  273,  and  then  for  the 

* So  called  l)ccause  fomicrly  ol)Iaincd  iVoTii  llic  urine  of  man,  who 
wais  called  the  mirrueo.smo.s,  or  IHltii  mortil. 
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acid  radical  or  radicals,  directly  or  by  aid  of  the  prescribed 
reagents  (H,SO„  BaCI,,  CaCI„  AgNOg,  FeClg),  p.  -101. 

If  the  salt  is  not  idiolhf  dissolved  by  the  water,  ascertain 
whether  or  not  any  has  entered  into  solution,  by  filtering, 
if  necessary,  and  cautiously  evajiorating  a drop  or  two  of 
the  clear  liepiid  to  dryness  on  platinum  foil ; the  jircsence 
or  absence  of  a residue  gives  the  information  sought  for. 
If  anything  is  dissolved,  prejiare  a sufficient  quantity  of 
solution  for  analysis  and  proceed  as  usual,  reserving  the 
insoluble  jiortion  of  the  mixture,  after  thoroughly  exhausting 
with  water,  for  subsequent  treatment  with  acids. 


Soliilioii  in  Ili/droch/oric  Acid. — If  the  salt  is  insoluble  in 
water,  digest  about  a grain  of  it  (or  of  the  insoluble  ])ortion 
of  a mixed  salt)  in  a few  drops  of  hydrochloric  acid,  adding 
water  and  boiling  if  necessary.  If  the  salt  wholly  dissolves, 
prej)are  a sufficient  quantitj'  of  the  liquid,  noticing  whether 
or  not  any  effervescence  (due  to  the  presence  of  sulphides, 
.sulph  ites,  carbonates,  or  cyanides)  occurs,  and  j)roceed  with 
the  analysis  as  before,  except  that  the  first  step,  the  addition 
of  hydrochloric  acid,  may  be  omitted. 


The  analysis  of  this  solution  will  in  most  respects  be 
.sinq)ler  than  that  of  an  aqueous  solution  inasmucli  as  the 
majority  of  salts  (all  those  sohd)le  in  water)  will  be  absent. 
Ibis  acid  solution  will,  in  short,  only  contain: — chlorides 
Jiroduccd  by  the  action  of  the  hydrochloric  acid  on  suljihides, 
sul|)hitc.s,  carbonates,  cyanides,  oxides,  and  hydroxides;  and 
certain  borates,  oxalates,  ])hosphale.s,  sul])hates,  tartrates,  and 
citrates  (po.ssibly  silicates  and  fluorides),  which  are  insoluble 
ni  Water,  but  soluble  in  acids  without  a|)])arent  deconq)osition. 
Hulj)hides,  sul])hites,  carbonate.s,  and  cyanides  will  have 
revealed  themselves  by  the  occurrence  of  cdfervi’scence 
during  solution  ; and  the  |)resence  of  oxides  and  hydroxides 
may  (p.  41.5)  In;  inferred  by  tlie  absimce  of  compatible 
acid  radicals.  The  borates,  oxalates,  phosphatc-s,  tartrate.s, 
and  citrates  alluded  to  will  be  re|)rccipitatcd  in  the  system- 
atic analysis  as  soon  as  the  acid  of  the  solution  is  neutral- 
ized , that  is,  will  come  down  as  such  when  ammonia  and 
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Hiiinionium  liydrosul])hide  are  added  in  the  usual  course. 
Of  these  precipitates,  only  the  calcium  oxalate  and  the 
calcium  and  magnesium  phosj)hates  need  occupy  attention 
now,  tor  barium  oxalate  and  phosphate  seldom  or  never 
occur,  and  the  borates,  tartrates,  and  citrates  met  with 
in  medicine  or  general  analysis,  are  all  soluble  in  water. 
I hese  phosphates  and  oxalates,  then,  will  be  j)recipitated  in 
the  course  of  analysis  along  with  iron,  their  presence  not  in- 
terfering with  the  detection  of  any  other  metal.  If,  from  the 
unusually  light  colour  of  the  ferric  precipitate,  phosphates 
and  oxalates  are  suspected,  it  is  treated  according  to  the 
following  Table  : — 

Fukcipitatk  of  Piiosi’iiA'ric.s,  Oxalates,  Fehiuc 
IIyduoxide,  etc. 


Dissolve  in  MCI,  add  citric  acid,  then  NHjOH,  and  filter; 
then  follow  the  Table  below. 


Filtrate 

Fc 

Add  HCI  and 
K 1 1*  cC|,  N|| 
Blue  pj)t. 

Precipitate 

Ca,(PO,),,,  CaC,p.,,  Mg,(PO,>, 
Boil  in  acetic  acid,  and  filter. 

Insoluble 
CaG.O/ 
White 
(CalLj  null/ 
occur  here.) 

Filtrate 

Ca,(PO„),,  Mg„(PO„), 
Add  (NH  J.AO4,  stir,  filter. 

Precipitate 

white 

indicating 

Ca,(PO,), 

Filtrate 
add  NH4OH. 
White  ppt. 
MgNH^PO.! 

In  analysing  ]>hosphates  and  oxalates,  advantage  is  also 
frecjuently  taken  of  the  facts  that  the  j)hosphoric  radical  is 
wholly  removed  from  solution  of  phosj)hates  in  acid  by  the 
addition  of  an  alkali-metal  acetate  and  ferric  chloride,  and 
subsequent  ebullition,  as  described  under  “Phosphoric  Acid  ” 
(p.  3G1),  and  that  dry  oxalates  are  converted  into  carbonates 
by  ignition  as  mentioned  under  “ Oxalic  Acid  ” (ji.  345). 

Certain  arsenates  and  arsenites,  insoluble  in  water  but 
soluble  in  hydrochloric  acid,  may  accompany  the  above  ])hos- 
})hates  and  oxalates  if  from  any  cause  hydrogen  sul])hide 

* Most  oxalates,  after  ignition,  cfTervesee  on  the  addition  of  acid; 
fluorides  may  be  detected  by  the  " etching”  test. 
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has  not  jireviously  been  passed  through  the  solution,  or 
lias  only  been  passed  for  an  insufficient  length  of  time. 

If  the  substance  insoluble  in  water  does  not  wholly  dis- 
solve in  liydrochloric  acid,  ascertain  if  any  has  entered  into 
solution,  by  filtering,  if  necessary,  and  evajiorating  a drop  of 
the  clear  liquid  to  dryness  on  platinum  foil ; the  presence  or 
absence  of  a residue  gives  the  information  sought  for.  If 
anything  is  dissolved,  prepare  a sufficient  quantity  of 
solution  for  analysis,  and  proceed  as  usual,  reserving 
the  insoluble  portion  of  the  mixture,  after  thoroughly 
exhausting  with  hydrochloric  acid  and  well  washing  with 
water,  for  the  following  treatment  by  nitric  acid. 

Solution  in  Nitric  Acid. — If  the  salt  is  insoluble  in  water 
and  hydrochloric  acid,  boil  it  (or  that  part  of  it  which  is  in- 
soluble in  these  menstrua)  in  a few  drops  of  nitric  acid.  If 
it  wholly  dissolves,  remove  excess  of  acid  by  evaj)oration, 
dilute  with  water,  and  proceed  with  the  analysis. 

'I'his  nitric  acid  solution  can  contain  only  a few  substances  ; 
for  nearly  all  salts  soluble  in  nitric  acid  are  also  soluble  in 
hydrochloric  acid,  and  therefore  will  have  been  removed 
])reviou.sly.  Some  of  the  metals,  however  (Ag,  Cu,  Hg,  Pb, 
Bi),  as  well  as  amalgams  and  alloys,  unaffected  or  scarcely 
affected  by  hydrochloric  acid,  are  readily  attacked  and  dis- 
solved by  nitric  acid.  Many  of  the  sulphides,  al.so,  insoluble 
in  hydrochloric  acid,  are  dissolved  by  nitric  acid,  usually 
with  separation  of  sulphur.  Calomel  is  converted,  by  long 
boiling  with  nitric  acid,  into  mercuric  chloride  and  nitrate, 
i he  nitrates  here  produced  are  soluble  in  water. 

The  nitric  acid  solution,  as  well  as  the  hydrochloric  acid 
and  acpieous  solutions,  should  be  examined  separately.  A])j)ar- 
ently,  time  would  be  saved  by  mixing  the  three  solutions 
together  and  making  one  analy.sis.  But  the  object  of  the 
analyst  is  to  separate  every  radical  from  every  other ; and 
when  this  has  been  ])artially  accomi)lished  by  solvents,  it 
would  be  unwise  to  again  mix  and  sej>arate  a second  time. 
•Moreover,  solvents  often  do  what  the  chcunical  reagents  can- 
not do — namely,  sejiarate  .vn/Lv  from  each  other.  'I'liis  is  im- 
portant, inasmuch  as  the  end  to  be  attained  as  far  as  possible 
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in  analysis  is  not  only  an  enumeration  of  the  radicals  present, 
but  a knowledge  of  the  actual  condition  in  which  they  are 
])resent ; the  analyst  must  state,  when  this  is  ])ossible,  of 
what  salts  a given  mixture  was  originally  formed — how  the 
metallic  and  acid  radicals  were  originally  distributed.  lu 
attemj)ting  this,  much  must  be  left  to  theoretical  considera- 
tion;?, and  it  is  often  impossible  to  arrive  at  certainly  accurate 
conclusions  ; but  a ])rocess  by  which  the  salts  themselves  are 
separated  is  of  j)raetical  assistance,  hence  the  chief  advantage 
of  analy.sing  separately  the  solutions  resulting  from  the  action 
of  water  and  acids  on  a solid  substance. 

Solution  in  Nilro-IIijdrochloric  Acid, — If  the  salt  or  any  part 
of  a mixture  of  salts  is  insoluble  in  water,  hydrochloric  acid, 
and  nitric  acid,  digest  it  in  nitro-hydrochloric  acid,  warming, 
or  even  boiling  gently,  if  necessary  ; evaporate  to  remove 
excess  of  acid,  dilute,  and  ])rocecd  as  before. 

Mercuric  sul))hidc  and  substances  only  slowly  attacked  by 
hydrochloric  or  nitric  acid,  as,  for  example,  calomel  and 
ignited  ferric  oxide,  are  sufficiently  altered  by  the  free 
elilorine  of  a(jua  regia  to  become  soluble. 

An(di/.si,s  of  hvioUdde  Suh.slancc.i. 

I f the  .mhstance  is  in.soluble  in  water  and  acids,  it  is  one  or 
more  of  the  following  substances  : — Sand  and  certain  silicates, 
such  as  pipeclay  and  other  clays;  Huor  spar;  cryolite, 
NayAlF^^;  barium,  strontium,  and  possibly  calcium  sulphates; 
tinstone ; antimonic  oxide  ; glass ; felspar  (aluminium  and 
alkali-metal  silicates) ; silver  chloride,  bromide,  or  iodide  ; 
lead  sulphate.  It  may  also  be  or  contain  carbon  or  carbon- 
aceous matter,  in  which  case  it  is  black  and  combustible, 
burning  entirely  or  partially  away  when  heated  in  the  air 

or  it  may  be  or  contain  sulphur,  in  which  case  sulj)hurous 

anhydride  is  evolved,  detected  by  its  odour,  when  the 
substance  is  heated  in  air.  A drop  of  solution  of  ammonium 
hydrosulphide  added  to  a little  of  the  ])owder  will  at  once 
indicate  the  presence  or  absence  of  salts  of  such  metals  as 
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lead  and  silver.  For  the  other  substances,  proceed  aecordini^ 
to  the  following;  (Bloxam’s)  method  : — ■ 

Four  or  five  grains  of  the  dry  substance  are  intimately 
mixed  with  twice  the  quantity  of  dried  sodium  carbonate, 
and  this  mixture  is  well  rubbed  in  a mortar  with  five  times  its 
weight  of  dejlagrating  flux  (1  of  finely  powdered  charcoal  to 
6 of  nitre).  The  resulting  powder  is  placed  in  a thin  porce- 
lain dish,  or  crucible,  or  clean  iron  tray,  and  a lighted  match 
applied  to  the  centre  of  the  heap.  Deflagration  ensues, 
and  decomposition  of  the  various  substances  occurs,  the  acid 
radicals  going  to  the  alkali-metals  to  form  salts  soluble  in 
water,  the  metallic  radicals  being  simultaneously  converted 
into  carbonates  or  oxides.  The  mass  is  boiled  in  water  for 
a few  minutes,  the  mixture  filtered,  and  the  residue  well 
washed.  The  filtrate  may  then  be  examined  for  acid  radicals 
and  aluminium,  tin,  etc.,  and  the  residue  be  dissolved  in 
dilute  hydrochloric  acid  and  analysed  by  the  ordinary 
method. 

The  only  substance  which  resists  this  treatment  is  chrome 
iron-ore. 

To  detect  alkali  in  felspar,  glass,  or  cryolite,  Bloxam 
recommends  deflagration  of  the  powdered  mineral  with  one 
part  of  sulphur  and  six  of  barium  nitrate.  The  mass  is 
boiled  in  water,  the  mixture  filtered,  ammonium  h^'droxide 
and  carbonate  added  to  remove  barium,  the  mixture  again 
filtered,  and  the  filtrate  evaporated  and  examined  for  alkali- 
metals  by  the  usual  process. 

II ijdroxidcs  and  Oxides. 

If  no  acid  radical  can  be  detected  in  a substance,  or  if 
the  quantity  found  is  obviously  insufficient  to  .saturate  the 
quantity  of  metallic  radical  present,  the  occurrence  of 
oxides  or  hydroxides,  or  both,  may  be  suspected.  Confirma- 
tion of  their  presence  will  be  found  in  the  general  rather 
than  in  any  special  behaviour  of  the  substances.  Some 
hydroxides  yield  water  when  heated — in  a dry  test-tube 
held  nearly  horizontally  in  the  flame,  so  that  moisture  may 
condense  on  the  cool  part  of  the  tut)c.  Some  oxides  yield 
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oxygen — detected  by  heating  in  a test-tube,  and  inserting 
the  incandescent  end  of  a striji  of  wood.  Soluble  hydrox^ 
ides  cause  abundant  evolution  of  ammonia  when  heated 
with  solution  of  ammonium  chloride.*  Soluble  hydroxides 
also  give  char.actcristic  precipitates  with  the  various  metallic 
solutions.  Hydroxides  and  oxides  insoluble  in  water,  not 
only  neutralize  much  nitric  acid,  or  acetic  acid,  but  are 
thereby  converted  into  salts  soluble  in  water.  Most  oxides 
and  hydroxides  have  a characteristic  appearance.  In  short, 
some  one  or  more  pro|)crties  of  an  oxide  or  a hydroxide  will 
generally  betray  its  presence  to  the  student  who  not  only 
has  knowledge  resi)ccting  chemical  substancc.s,  but  has 
cultivated  the  faculties  of  observation  and  perception. 

Fraclianal  ( ) pern! ions. 

Not  only  is  the  common  proce.ss  oi'  sifli/ig  (p.  408)  through 
sieves  of  varying  degrees  of  fineness  a useful  fractional  opera- 
tion or  separatory  adjunct  in  analytical  as  in  other  work, 
but  also  fractional  cliilnalion  (p.  144),  fractional  solnlion  of 
a mixed  mass  by  /iriviation  (]).  89)  of  the  substance  with 
successive  small  quantities  of  solvents,  and  fractional  pre- 
rij)iUili(»i  with  filtration  after  each  addition  of  successive 
small  quantities  of  a ])recii)itant  are  often  valuable  aids. 
Fractional  dislil/fi/ioii  (see  p.  485)  is  often  very  useful,  fractional 
sii/)limalio?i  (p.  98)  and  fractional  cnjsUiUizalion  (p.  81)  oc- 
casionally, fractional  less  often. 


QUESTIONS  AND  EXERCISES 

Describe  the  preliminary  treatment  to  which  a salt  may  be  sub- 
jected prior  to  systematic  analysis. — -Mention  substances  which  might 
be  recognised  by  smell. — Mention  some  salts  which  are  heavy,  and 
some  which  are  light. — Name  some  substances  recognisable  by  their 
colour. — What  inference  may  be  drawn  from  the  appearance  of  steam 
when  dry  substances  are  heated  ?— Why  do  certain  crystals  decrepi- 
tate ? — if  a powder  sublimes  on  being  lieated,  to  what  classes  of  com- 
pounds may  it  belong  ? — When  heat  causes  charring,  what  conclusion 
is  drawn  ? — No  change  occurring  by  heat,  what  subsb'inces  cannot  be 
j)resent?— Give  examples  of  salts  which  arc  identified  by  their  behaviour 
with  concentrated  sulphuric  acid,  and  by  their  comportment  in  the 

* lied  litmus-paper  placed  over  the  mouth  of  a test-tube  in  which 
ammonium  chloride  solution  alone  is  being  boiled  turns  blue,  but 
phenol-phthalein  ])aper  is  not  affected. 
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blow-pipe  flame,  with  or  without  borax  or  mierocosmic  salt.— What 
are  the  solvents  usually  employed  in  endeavouring  to  obtain  a sub- 
sbince  in  a state  of  solution,  and  what  is  the  order  of  their  applica- 
tion ?— Name  a few  salts  which  may  be  present  in  an  aqueous  solution. 

Mention  some  common  compounds  insoluble  in  water,  but  soluble 

in  hydrochloric  acid.— What  substances  are  only  attacked  by  nitric 
acid'or  nitro-hydrochloric  acid  ?— At  what  stage  of  analysis  do  arsenites 
and  arsenates  show  themselves  ? — Sketch  a method  lor  the  complete 
analysis  of  a liquid  suspected  to  be  an  aqueous  solution  of  neutral 
salts.  —How  can  earthy  phosphates  and  oxalates  and  ferric  hydroxide 
be  separated  from  each  other  ?— How  would  you  lu-oceed  to  analyse 
an  alloy By  what  process  may  substances  insoluble  in  water  or  acids 
be  analysed  ?— How  would  you  qualitatively  analyse  glass  ? 


TllEOIlV  OE  .SOI.UTION 

The  |)heiiomena  of  electrolysis  have  given  rise  to  a new 
tlieory  of  solution.  Formerly  a salt  was  supposed  to  consist 
of  a basic  oxide  combined  with  an  acid  oxide  ; thus  “sulphate 
of  soda”  (as  the  salt  now  known  as  sodium  sidphate  was 
called)  was  regarded  as  Na.,0,S()y.  When  a solution  of 
sodium  sulphate  is  electrolysed  (see  p.  63),  caustic  soda  is 
formed  at  the  negative,  and  sulphuric  acid  at  the  positive 
electrode  ; these  substances  were  supposed  to  be  ])roduced  by 
the  union  of  the  sodium  oxide  with  xvater  at  the  negative 
electrode  and  of  the  sulphuric  anhydride  with  water  at  the 
positive  electrode.  To  account  for  such  j)henomena  a new 
theory  lias,  however,  been  brought  forward,  according  to 
which,  a salt — e.g.,  sodium  sulphate — when  di.ssolved  in  water 
splits  up  into  an  electro-jiositive  and  an  electro  negative  part, 
but  these  arc  now  supposed  to  be,  not  the  basic  oxide  aiul 
the  acid  oxide,  but  the  metallic  or  ba.sic  radical  and  the  acid 
radical.  Sodium  atoms  or  ions  constitute  the  positive  part, 
sulphate  radicals  or  sul]>hations  (SO,)  the  negative  part ; 
when  an  electrical  current  is  passed  through  the  .solution  the 
former  lose  their  charges  of  positive  electricity  at  the  nega- 
tive electrode  and  then  acd  on  the  %vater,  forming  caustic  soda 
and  lilierating  hydrogen  ; the  suljihations  similarly  lose  their 
charges  of  negative  electricity  and  then  decompose  the  wali'r 
ut  the  jiositive  electrode,  forming  sulphuric  acid  and  liberat- 
ing oxygen.  When  Arrhenius  brought  forward  (his  view,  a 
new  theory  of  solution  was  much  needed,  for  it  had  been 
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found  by  careful  measurements  that  the  thermal  change  in- 
volved in  the  act  of  solution  could  not  be  entirely  accounted 
for  by  the  physical  change  of  state.  Arrhenius  assumed  that 
a salt  on  passing  into  solution  undergoes  more  or  less  com- 
plete separation  into  its  ions  (ionization),  and  that  its  ions  act 
independently  of  eac]i  other,  not  only  in  electrolytic,  but  also 
in  chemical  processes.  In  general,  we  find  chemical  activity, 
in  the  sense  of  readiness  to  undergo  double  decomjiosition,  to 
go  liand  in  hand  with  electrical  conductivity,  and  his  explana- 
tion is  that  the  real  carriers  of  the  electricity  are  the  free 
ions,  which,  by  virtue  of  their  freedom,  are  chemically  active, 
since  they  have  not  to  be  separated  from  each  other  before 
they  interact. 

This  hypolliesis  of  the -existence  of  free  ions  in  solution 
has  thrown  much  light  on  the  general  behaviour  of  salt  solu- 
tions, and  has  rendered  possible  an  explanation  of  many 
hitherto  inexplicable  phenomena. 


TIIK  1‘EIUOniC  LAW 

When  the  elements  are  arranged  in  the  order  of  their 
atomic  weights,  it  is  found  that,  starting  with  lithium,  the 
chemical  i)roperties  of  each  successive  element  differ  in  many 
eases  only  to  a relatively  small  degree  from  those  of  the 
element  immediately  preceding.  This  holds  for  a “ period  ” 
of  (at  first)  seven  elements,  and  then  the  eighth  element 
shows  a sharp  change  of  properties  from  those  of  the  seventh 
and  a striking  resemblance  to  those  of  the  first;  the  ninth 
resembles  the  second,  the  tenth  resembles  the  third,  and  so 
on.  The  first  two  periods  consist  of  seven  elements  each  ; 
the  subsequent  ones,  which  are  more  or  less  complete, 
of  .seventeen  each.  In  the  following  Table  the  periods 
are  arranged  in  perpendicular  columns,  whereby  kindred 
elements  are  to  a large  extent  brought  side  by  side  in  the 
same  horizontal  lines  : — 
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Table  of  the  Elements,  arranged  to  illustrate  the  Periodic  Law, 


K 

38-83 

Kb 

84-8 

Cs 

132 

... 

Ca 

39-71 

Sr 

86-94 

Ba 

136-40 

... 

Sc 

43-8 

Y 

88-3 

Lti 

137-9 

Yb 

171-7 

Ti 

47-7 

Zr 

89-9 

Ce 

139-20 

Th 

230*8 

V 

50-8 

Cb 

93-3 

Ta 

181-6 

Cr 

51-74 

Mo 

95-3 

W 

182-6 

U 

236*7 

Mn 

54-52 

... 

Fe 

55-60 

Ru 

100-9 

Os 

189-6 

... 

Ni 

58-3 

Rh 

102-2 

Ir 

191-5 

Co 

58-56 

Pd 

105-7 

Pt 

193-30 

... 

Li 

6-97 

Na 

22-88 

Cu 

63-12 

Ag 

107-11 

An 

195-70 

G1 

9-03 

Mg 

21-18 

Zn 

64-91 

Cd 

111-6 

Hg 

198-80 

B 

10-85 

A1 

26-90 

Ga 

69-5 

In 

113-1 

Tl 

202-6 

C 

11-91 

Si 

28-2 

Ge 

71-9 

Sn 

118-20 

Pb 

205  -35 

N 

13 '94 

P 

30-80 

As 

74  50 

Sb 

119-00 

Bi 

207-30 

... 

0 

15-88 

S 

31-82 

Se 

78-6 

I 

125-9 

... 

F 

18-9 

Cl 

35’i9 

Br 

79  35 

Te 

126-6 

It  will  be  noticed  tlmt  there  are  gaps  in  the  Table  sug- 
gesting elements  yet  to  he  discovered,  or  indicating  uncer- 
tainty as  to  the  correct  position  of  a number  of  know'n 
elements ; also  that  there  are  irregularities  suggesting  the 
desirability  of  reconsidering  some  of  tlie  present  atomie 
weights.  Other  difficulties  also  occur,  hut  still  the  regular- 
ities are  so  striking  as  to  show  clearly  that  the  properties  of  the 
elements  are  in  some  way  dependent  on  their  atomie  weights. 

The  nature  of  some  of  the  progressive  relations  to  each 
other  of  the  members  of  the  first  two  periods  are  illustrated 
by  the  formulae  of  certain  of  their  compounds  when  placed 
side  by  side,  as  under.  Where  blanks  occur,  either  no  com- 
pound at  all,  or  no  illustrative  compound,  is  known. 

Compounds  with  oxygen  : — 

Li.,()  GIG  H.Og  CO.^  — — 

Na“.()  MgO  A1/')3  SiO,  V.p^  SO,  — 
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Compounds  with  li3'drogen  : — 


— — — CH, 

NII3 

OH, 

FH 

— — — SiH.j 

PH3 

CIH 

u)m])ounds  with  chlorine  : — 

IdCl  CdCl.,  BCI,^  CCl^ 

NCI3 

OCl„ 

— 

NaC'l  MgCl,  AICI3  SiCl.j 

PCI3 

sci; 

— 

Tlic  comj)ouiuls  formulated  above  are  not  tlie  whole  of 
the  ox^'geiij  hydrogen,  and  chlorine  compounds  of  the  various 
elements,  but  are  chosen  to  illustrate  regularities  as  far  as 
possible.  'I'lierc  are,  however,  a mmd)er  of  irregularities  in 
these  periods,  and  in  tlic  subsequent  periods  irregularities 
become  more  numerous. 

Since  the  position  of  an  element  in  the  above  'fable  is 
fixed  by  its  atomic  weight,  and  since  it  has  been  found  that 
the  jiropcrties  of  an  element  and  the  chaivicter  of  its  com- 
pounds can  be  foreseen  to  a certain  extent  from  those  of  its 
neighbours  in  the  'J'able,  above  and  below,  right  and  left, 
the  general  statement  has  been  enunciated,  based  upon  this 
])criodic  arrangement  and  supported  by  a great  deal  of 
evidence,  that  the  properties  of  an  dement  and  the  nature  of  its 
eomponnds  are  functions  of  its  atomic  weight. 

An  inspection  of  the  foregoing  Table  shows  how  groups  of 
allied  elements  are  brought  close  together,  'fhus  the  halo- 
gens (with  the  exception  of  iodine*)  all  fall  into  one  line,  and 
the  same  is  true  of  the  groups  of  kindred  elements,  calcium, 
strontium,  and  barium ; nitrogen,  phosphorus,  arsenium, 
and  antimony;  etc.  Further,  each  of  the  first  five  j)eriods  is 
headed  by  an  alkali  metal.  'I'he  symbols  printed  in  black  type 
are  those  for  the  small  groiq)  of  elements  usually  classed  as 
non-metals,  and  indicate  the  remarkable  nature  of  the  jiosi- 
tion  of  these  elements  in  the  iieriodic  system  of  classification. 


A deice  to  Studen  ts  respecting  the  Method  o f Stndi/ing  the 
folUrwing  pages  on  Organic  Chemistry. 

Both  medical  and  j)harmaceutical  students  of  organic 
chemistry  ma}'  be  divided  into  two  classes,  namely : junior 

* It  seems  as  if  tlie  true  position  of  iodine  in  the  jieriodie  system 
should  he  after  instead  of  befhre  tellurium.  Tiie  respective  jilaees 
assigned  to  iodine  and  tellurium  de]>cnd,  however,  iqion  the  deter- 
minations of  the  atomic  weights  of  these  elements  which  are  considered 
to  be  the  most  reliable. 
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.sludcnis,  or  those  wlio,  in  the  first  instuiice  at  all  events^ 
desire  to  obtain  only  a general  acquaintance  with  the  subject, 
and  senior  sludenls,  or  those  who,  having  some  general  in- 
formation, desire  further  knowledge  of  this  branch  of  the 
science.  To  the  members  of  each  of  these  classes  who  use 
this  Manual,  some  advice  concerning  the  kind  and  extent  of 
work  they  may  hope  to  accomplish  in  this  department  of  the 
science  will  perhaps  be  acceptable. 

Junior  Sludenls. — The  whole  of  the  following  section  on 
organic  chemistry  should  be  read  through  carefully  once  or 
twice,  with  the  object,  not  so  much  of  remembering  all  that 
is  stated,  as  of  acquiring  (a)  a general  view  of  the  scope  of 
the  subject,  (/))  a clear  notion  of  the  modes  of  classifying- 
organic  substances,  and  (c)  an  intelligent  perception  of  their 
broad  relationships  to  one  another.  Special  attention  should 
be  given  to  the  methods  of  preparing  and  testing  the  par- 
ticular substances  officially  recognised  in  the  British  Pharma- 
copceia,  the  student  of  practical  chemistry  pre[)aring  actual 
specimens  of  most  of  these  substances,  as  well  as  studying 
their  analytical  reactions  and  testing  for  impurities  in  them. 
He  should  prepai-e  small  quantities  of  chloroform,  iodoform, 
spirit  of  nitrous  ether,  acetic  ether,  and  a volatile  oil ; should 
extract  gum  from  a gum-resin,  purify  some  benzene,  test 
aloin,  and  examine  methylated  spirit  for  methyl  alcohol ; 
])repare  some  alcohol  by  fermentation,  concentrating  the 
product  until  it  will  burn  ; make  ether  ; convert  amyl  alcohol 
into  valerianic  acid ; test  carbolic  acid  and  glycerin  ; manu- 
facture a specimen  of  soap  ; extract  mannite  from  manna  ; 
examine  the  analytical  reactions  of  cane  and  grape  sugars  ; 
obtain  starch  from  wheat-flour,  maize-flour,  and  a potato, 
and  examine  each  product  with  the  microscope;  make  dextrin, 
pyroxylin,  and  collodion ; prepare  and  test  aldehyde,  and  try 
the  action  of  lime  on  chloral  hydrate  ; pre{)are  and  test  acetic, 
oxalic,  and  citric  acids;  emulsify  sweet  and  bitter  almonds: 
prepare  elaterin,  and  test  jalap-resin  and  salicin ; extract 
morphine  or  cpiininc,  or  both,  and  perform  the  tests  for  the 
chief  alkaloids  of  opium,  cinchona,  and  mix  vomica  ; test 
albumen  and  pepsin.  Having  gone  through  these  operations, 
he  should  read  again  through  the  whole  section. 

Senior  Sludenls,  having  done  all  that  junior  students  are, 
in  the  previous  paragraj)li,  advised  to  do,  should  thoughtfully 
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study  every  Jiage,  reading  what  one  otlier  anthorj  at  least, 
has  to  say  on  each  subject.  More  especially  they  should 
actually  prepare,  or  test,  or  otherwise  c,vpcrhneui  with,  one 
or  more  typical  members  of  most  of  the  series,  or  sub-series, 
of  organic  substances.  For  example,  they  should  prepare  the 
hi/drocarhon  methane  (from  sodium  acetate),  convert  it  into  a 
hahnd  dcrivatwc  (by  one  of  the  given  methods),  transform 
this  into  the  a/co/iol  (by  the  agency  of  silver  oxide  and 
water),  and  this  again  into  the  acid  (by  oxidation).  The 
j)rej)aration  of  acetylene,  and  ethylene,  and  some  of  their 
derivatives,  should  he  tried  ; the  differences  between  turpen- 
tine and  petroleum  spirit  should  be  experimentally  proved  ; 
nitro-benzene  should  be  made,  this  be  converted  into  aniline, 
and  this  again  into  “mauve”;  aloin  should  be  prejaired ; 
metliyl  alcoliol  be  extracted  from  crude  wood  spirit,  and 
al)solute  alcohol  l)e  obtained  from  “alcohol  (90  per  cent.)”  ; 
alcohol  and  acetic  acid  should  1)C  regenerated  from  the  acetic 
ether  ))reviously  pre])ared  (l>y  ebullition  with  a concentrated 
acpieous  .solution  of  caustic  j)otash) ; cth}d  iodide  or  bromide 
and  perhaps  zinc-ethyl  be  made  ; glycol  be  prej)ared  and 
then  oxidized  ; glycerin  be  examined  ; starch  be  converted 
into  dextrin  and  into  sugar;  malt  extract  be  examined  for 
diastase;  trinitrocellulin  be  made;  acetaldehyde  be  full}’^ 
examined  and  aldehyde-ammonia  ))re))ared ; laetic  acid  be 
made  ; benzoic  and  salicylic  acids  and  aldehydes  be  obtained  ; 
natural  urea  be  extracted  and  artificial  urea  made ; the 
glucosides  be  examined;  and  one  or  two  artificial  alkaloids 
be  prej)ared ; etc.  Melting-points  and  boiling-points  of 
])ure  substances  should  be  taken  ; and  fractional  distillation 
should  be  aj)])lied  either  to  acetic  acid  with  a view  to  sejiarate 
glacial  acid  on  the  one  hand  from  water  or  weak  acpieous 
acid  on  the  other,  to  mixed  alcohol  and  water  with  the 
object  of  attempting  their  re-separation  as  far  as  possible,  or 
to  some  such  mixture.  Esj)ecially  must  the  o])erations  of 
quantitative  analysis  of  organic  compound.s,  in  due  time,  be 
fully  and  thoroughly  performed. 

Olhcr  Sludeid..s. — Students  who  have  no  occasion  to  apj)or- 
tion  their  ])eriods  of  study  in  the  manner  contemjdated  in 
the  ])revious  j)aragraj)hs  are  recommended  to  go  through  the 
succeeding  sections  as  the}'  have  gone  through  the  foregoing, 
namely,  j>age  by  ])age. 


()U(;amc  chemistry  * 


Inthoduction 

With  tlie  exception  of  alcohol,  some  acids  and  their  salts, 
and  a few  other  substances,  the  large  number  of  compounds 
which  have  hitherto  engaged  the  student’s  notice  in  this 
Manual  have  been  of  mineral  origin.  Rut  the  two  other 
kingdoms  of  Nature,  the  animal  and  vegetable,  furnish  still 
larger  numbers  of  definite  compounds.  We  shall  now  pro- 
ceed to  the  consideration  of  these — the  latter  chiefly. 

In  its  original  signification  what  was  termed  Organic 
Cliemistry  (opyaror,  organon,  an  organ)  embraced  the  chemistry 
of  those  substances  which  were  known  only  as  products  of  the 
vital  processes  which  take  place  within  the  tissues  of  plants 
and  of  animals  ; and,  further,  the  chemistry  of  the  various 
products  derived  from  these  substance.s,  or  from  the  tissues 
themselves,  bj'  subsequent  treatment  in  the  laboratory.  The 
separate  classification  and  consideration  of  these  substances 
formerly  seemed  expedient  in  view  of  the  fact  that  none  of 
them  could  then  be  obtained  by  the  ordinary  operations  of 
the  chemical  laboratory,  starting  from  non-organized  materials. 
The  term  “organic”  as  originally  applied  to  any  substance 
was  thus  intimately  associated  with  the  view  that  organized 
matter  — living  matter,  or  matter  which  had  at  one  time 
formed  part  of  a living  plant  or  animal — was  necessary  for 
its  production.  Methods  are  now  known,  however,  whereby 
a considerable  number  of  substances  which  are  identical  in 
every  re.spect  with  known  products  of  animal  or  of  plant  life 

Students  will  find  that  in  takinpr  up  the  subject  of  ori^anii? 
chemistry  they  are  not  departing  from  the  method  of  study  hitherto 
pursued.  Hitherto  they  have  concentrated  attention  on  the  chief 
cements,  one  at  a time;  they  are  now  about  to  investigate  the  coin- 
pounds  of  one  of  those  elements  which  ])ossesses  a greater  range  of 
combining  powers  than  any  other  that  has  been  examined.  Organic 
Chemistry  is  the  chemistry  of  the  element  rarlxm. 
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(or  witli  derivatives  from  tliese)  ean  be  prepared  in  tlie  labora- 
toiy  ‘^artifieially,”  as  it  is  often  termed,  from  jmrely  inorganic 
materials. 

Organic  chemistry  has  been  defined  in  more  recent  times 
as  tlic  cliemistry  of  the  eomjiounds  of  carbon.  "J’here  does 
not,  however,  now  seem  to  be  any  good  reason  for  classing  as 
organic,  the  oxygen  eoinjiminds  and  some  other  relatively 
simjilc  eomjxHinds  of  carbon,  including  many  of  the  naturally 
occurring  mineral  carbonates ; more  jiartieularly  as  these 
mu.st,  for  the  .sake  of  completeness,  be  dealt  with  under  the 
lieading  of  inorganic  chemistry.  It  is  thus  impossible  to  fix 
the  bounds  of  inorganic  and  of  organic  chemistry  respectively, 
unless  an  arbitrary  line  is  drawn,  which  shall  mark  a distinc- 
tion that  is  wholly  artificial,  and  is  not  founded  upon  any  real 
difference  in  the  general  nature  of  the  facts  and  principles 
treated  of  under  the  two  headings.  There  i,s,  in  short,  but 
one  .science  of  chemistry,  and  the  sejiarate  consideration  of 
the  chemistry  of  the  majority  of  the  compounds  of  carbon  is, 
lo  a large  extent,  a matter  of  convenience  only.  1’he  very 
great  number  of  the  compounds  of  carbon  and  the  complexity 
of  many  of  them,  together  with  the  general  readiness  which 
they  usually  exhibit  to  enter  into  new  combinatioms,  may  be 
mentioned  as  amongst  the  reasons  for  their  sej)arate  study. 
'I'he  one  fundamental  fact  concerning  every  so-called  organic 
c'ompound  is,  that  it  contains  carbon  as  one  of  its  constituents, 
combined  with  one  or  more  other  elements  ; but,  as  we  have 
already  seen,  every  compound  of  carbon  is  not  an  organic  com- 
])ound  in  any  sen.se  which  it  is  convenient  strictly  to  define. 
Of  course,  so  old  and  historically  interesting  a term  as  organic 
chcwislnj  will  continue  to  be  used  ; and  there  is  no  objection 
to  such  use,  provided  students  remember  that  when  the  term 
is  used,  it  is  only  conventionally  and  not  etymologically 
accurate. 

It  will  be  unnecessary  to  discuss  again  in  what  follows  the 
chemistry  of  those  compounds  of  carbon  which  have  already 
been  treated  of  in  earlier  parts  of  the  Manual. 

As  instances  of  the  formation,  from  purely  inorganic 
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materials  (or  from  products  obtainable  from  inorganic 
materials),  of  compounds  which  are  generally  classed  as 
organic,  the  following  may  be  mentioned  : — 

(1)  The  formation  of  acetylene,  C.,H^,  by  passing  electric 
sjiarks  from  carbon  terminals  in  an  atmosphere  of  hydrogen  ; 
and  bj'  the  action  of  water  on  calcium  carbide. 

(2)  d'he  formation  of  potassium  cyanide,  KCN,  by  passing 
nitrogen  over  a strongly-heated  mixture  of  potassium  and 
carbon,  or  of  potassium  carbonate  and  carbon  heated  to  the 
temperature  at  which  potassium  is  liberated  (p.  68). 

(.3)  The  formation  of  marsh  gas,  CH^,  by  passing  a mixture 
of  hydrogen  sulphide  and  vapour  of  carbon  bisulphide  over 
red-hot  copper. 

(4)  The  formation  of  urea,  CO(NH,,),„  by  the  action  of 
ammonia  on  carbonyl  chloride  (phosgen)  ; and  by  evaporating 
to  dr3’ness  a solution  of  ammonium  cyanate. 

(5)  The  formation  of  potassium  formate,  KIIC(),„  bj'  the 
action  of  carbonic  oxide  on  ])otassium  hydroxide. 


Klemenlx  which  enter  into  the  composition  of  Organic  Suhslances. 
— 'fhe  elements  which,  besides  carbon,  are  of  the  greatest  im- 
])ortance  from  their  entering  most  frequently  into  the  com- 
position of  organic  substances  are  hydrogen,  oxygen,  and 
nitrogen.  All  the  naturally  occurring  organic  substances 
contain  carbon  and  hydrogen,  associated  almost  always  with 
oxygen,  and  often  with  nitrogen  ; some  of  them  also  contain 
sulphur  or  jihosphorus  or  both,  in  small  (juantity  Amongst 
artificially  prepared  organic  substances,  compounds  have 
been  obtained  containing  almost  any  of  the  other  known 
elements. 


Detection  of  the  varions  elements  jjresent  in  Organic  Snh- 
stances. — It  is  not  intended  to  give  here  any  detailed  account 
of  the  analysis  of  organic  substances,  but  the  gener/il  |)rin- 

ci|)les  and  a few  important  methods  may  a(lvanta<ieousl y bc' 
outlined.  .r  n 

In  order  to  demonstrate  the  presence  of  combined  carbon 
and  hydrogen  in  an  organic  substance,  it  is  usual  to  burn  a 
small  fpiantity  of  the  substance  in  a current  of  ])ure  dry  air 
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or  oxygen  in  a liard-glass  tube  doselj"  packed  for  a part  of 
its  lengtli  with  cupric  oxide  which  is  kept  red-hot  throughout 
tlie  operation.  Tlie  current  of  air  or  oxygen  enters  at  one 
end  of  tlie  tube  and  the  gaseous  products  of  combustion  pass 
out  at  the  otlier.  During  tlie  process  the  carbon  and  hydrogen 
of  tlie  substance  are  completely  oxidized — the  former  into  car- 
bonic anhydride  and  the  latter  into  water — and  the  presence 
of  the  two  elements  is  indicated  by  the  formation  of  these 
res]iectiv(!  jiroducts.  'I'his  jirocess  can  be  made  a method  of 
(juantitative  analysis,  since,  by  collecting  and  determining  the 
w’eights  of  the  two  jiroducts  obtainable  from  a known  weight 
of.  the  organie  substance,  data  are  obtained  from  which  the 
jirojKirtions  by  weight  in  which  the  tw'o  elements  are  jiresent 
in  the  substance  can  be  calculated. 

'I’he  jiresence  of  nitrogen  in  an  organic  substance  is 
detected  by  strongly  heating  a few  grains  of  the  substance 
in  a test-tube  with  a .small  jiiece  of  metallic  sodium,  grinding 
u|)  the  fu.sed  mass  with  water,  filtering,  and  examining  the 
solution  for  the  jiresence  of  a dissolved  cyanide.  In  the  jiro- 
cess the  nitrogen  of  the  substance,  along  with  some  of  the 
carbon,  combines  with  the  sodium  to  form  sodium  cyanide, 
NaCN  ; and  the  observation  that  a eyanide  has  been  formed 
is  a jiroof  of  the  jiresence  of  nitrogen  in  the  substance.  Part 
or  the  whole  of  the  nitrogen  of  some  (but  not  of  all)  organic 
.substances  is  evolved  as  ammonia  when  the  substance  is 
moderately  heated  in  a test-tube  with  soda-lime.*  The 
(juantitative  determination  of  nitrogen  is  effected  by  various 
methods,  but  the  only  one  which  need  be  mentioned  here  is 
analogous  to  that  emjiloyed  for  the  determination  of  carbon 
and  of  hydrogen.  A weighed  quantity  of  the  substance  is 
heated  in  a slow  current  of  carbonic  anhydride  in  a glass 
tube  containing  cujiric  oxide  which  is  heated  red-hot.  The 
nitrogen  is  liberated  either  as  such,  or  in  the  form  of  gaseous 
oxides  of  nitrogen.  Before  emerging  from  the  tube  the 
mixture  of  gases  jiasses  over  a quantity  of  red-hot  cojijier 
wire-gauze,  tightly  jiacked.  The  latter  retains  any  tree 
oxygen  by  combining  with  it  to  form  cujiric  oxide,  and  also 
decomjioses  the  oxides  of  nitrogen,  similarly  retaining  the 
oxygen  of  these  while  the  liberated  nitrogen  jiasses  on.  The 
carbonic  anhydride,  water  vajiour,  and  nitrogen  which  emerge 

* Tlie  product  obtained  by  slaking  quicklime  with  a solution  of 
sodium  hydroxide. 
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are  passed  into  a graduated  tube  coutaiuiug  a concentrated 
solution  of  potassium  hydroxide.  The  carbonic  anhydride  is 
liere  absorbed  forming  jiotassium  carbonate,  the  water  vapour 
condenses  to  form  liquid  water,  and  the  pure  nitrogen  is 
collected  and  its  volume  is  measured.  From  the  observed 
volume,  under  the  conditions  of  temperature  and  of  pressure 
which  have  also  been  noted,  the  weight  of  the  evolved  nitrogen 
can  be  calculated. 

Tlie  presence  of  oxygen  in  a non-volatile  organic  substance 
can  usually  be  detected  by  simply  heating  the  dry  substance 
in  an  atmosphere  free  from  oxygen,  and  observing  the  forma- 
tion of  water.  The  oxygen  necessary  for  the  })roduction  of 
water,  in  such  a case,  must  have  been  present  in  the  substance 
under  examination.  The  direct  quantitative  determination  of 
oxygen  presents  considerable  exj^erimental  difficulties,  and  no 
satisfactory  method  for  making  this  determination  has  come 
into  general  use.  It  is  usual  in  actual  practice  to  determine 
the  quantities  of  all  the  other  elements  present  in  a given 
weight  of  the  substance  and  then  to  regard  the  remainder 
as  the  quantity  of  oxygen. 

In  order  to  detect  sulphur  or  phosphorus  in  an  organic 
substance,  the  latter  is,  in  most  cases,  first  oxidized  by  some 
suitable  process,  and  the  oxidation  products  are  then  examined 
for  the  presence  of  sulphuric  or  phosphoric  acid.  The  quanti- 
tative determination  of  these  elements  also  usually  requires 
oxidation  as  a preliminary. 

'I'he  detection  and  quantitative  determination  in  organic 
substances  of  other  elements,  such  as  chlorine,  bromine, 
iodine,  metals,  etc.,  require  in  general  the  oxidation -of  the 
substance  or  the  decomposition  of  it  by  some  other  process, 
and  the  sub.se<juent  examination  of  the  jiroducts  of  such 
operations  by  the  methods  of  cjualitative  and  quantitative 
analysis  applicable  to  inorganic  substances. 


(jeneral  eJJ'eclx  oj  Ileal  upon  Organic  Suhslanccs. — The  effects 
produced  by  heating  various  organic  substances  vary  greatly 
in  the  cases  of  diffierent  comjmunds.  We  shall  briefly  con- 
sider the  general  effects  (I)  when  organic  substances  are 
heated  by  themselves,  that  is,  out  of  contact  with  anything 
more  than  small  (juantities  of  air ; and  (2)  when  they  are 
heated  with  free  access  of  air. 

(1)  Solid  org.'inic  substances  when  he.ated  may  simply 
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become  li(]ui(l,  and  the  liquid  so  produced  may,  on  being 
further  sulliciently  heated,  boil  and  be  comjiletcly  volatilized 
without  undergoing  any  decomposition.  Glacial  acetic  acid 
and  acetamide  are  examples  of  such  substances.  Other  solid 
substances  may  similarly  become  licjuid,  but  the  liquid  on 
further  heating  may  decompose  before  the  temperature  of 
volatilization  has  been  reached.  This  is  the  case  with  cane 
sugar  and  with  urea.  Other  solid  substances  again,  such  as 
starch  and  cellulose,  cannot  be  liquefied  by  heating  them 
because  the  temperature  at  which  decomposition  takes  place 
lies  below  the  temperature  of  liquefaction.  Substances 
belonging  to  these  last  two  classes  very  commonly  yield  on 
decomposition  by  heat  a ejuantity  of  volatile  products  (some 
of  which  are  gaseous  and  others  liejuid  at  ordinary  tenqiera- 
lures)  and  leave  behind  in  the  vessel  in  which  the  decompo- 
sition has  taken  j)lace,  a highly  carbonaceous,  non-volatile 
black  residue  or  charcoal.  Charcoal  suitable  for  special  pur- 
))oscs  is  often  |)repared  by  thus  heating  starch,  sugar,  cellulose, 
etc.  When  non-volatile  organic  substances  are  subjected  to 
tliis  treatment  the  process  is  called  d/y/  or  (le.siniclive  disl.il/dlioii. 
i^uch  proce.sses  are  carried  out  on  a very  large  scale  with  wood, 
with  coal,  and  with  different  kinds  of  shale,  and  form  a part 
of  several  important  manufacturing  industries. 

( )f  organic  sub.stances  which  are  liquid  at  ordinary  tempera- 
tures, a very  lai'ge  number,  such  as  common  alcohol  and  ether, 
are  capable  of  volatilization  without  decomposition,  while 
others,  such  as  glycerin,  decompose  at  temperatures  below 
their  boiling  points.  Substances  which  belong  to  this  latter 
class  cannot  therefore  be  distilled  without  decomposition,  at 
least  under  ordinary  j)ressures.  In  some  instances  it  is  found 
j)ossible,  by  diminishing  the  pressure  inside  the  distilling 
apparatus,  to  lower  the  boiling  point  of  the  litpiid  to  a 
temperature  below  that  at  which  decomposition  takes, place 
and  so  to  ensure  its  distilling  undecomposed. 

Organic  substances  which  are  gases  at  ordinary  tempera- 
tures, and  the  vapours  of  organic  substances  which  are  solids 
or  liejuids  under  these  circumstances  but  which  volatilize 
undecomposed,  may  be  exposed  to  the  action  of  high  tempera- 
tures by  slowly  passing  them  through  heated  tubes.  Under 
this  treatment  some  decompose  readily,  while  others  do  not 
undergo  any,  or  at  least  any  considerable,  change.  A method 
frc(picntly  made  use  of  for  very  rai)idly  heating  a vaj)our,  is 
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that  emj)Ioyed  in  the  manufacture  of  “oil  gas”  trom  paraffin 
oil.  The  liquid  oil  is  allowed  to  drop  on  a red-hot  metal  or 
brick  surface,  when  the  vapour  which  is  at  first  })roduced 
becomes  very  strongly  lieated  before  it  has  time  to  dilfuse 
away  from  the  hot  surface.  In  this  way  tlie  paraffin  oil  is 
(lecomj)osed,  yielding  some  coke  and  combustible  gases  which 
do  not  become  licpiid  again  at  ordinary  temperatures.  This 
operation  is  technically  called  “cracking”  the  hydrocarbons 
of  which  the  paraffin  oil  is  composed. 

(2)  When  organic  substances  are  strongly  heated  in 
suitable  forms  of  a])])aratus  with  free  access  of  air,  they 
usually  undergo  complete  oxidation,  so  far,  at  least,  as  their 
carbon  and  hydrogen  are  concerned.  These  elements  become 
converted  into  carbonic  anhydride  and  water  respectively. 
When  a salt  of  any  of  those  organic  acids  which  contain 
carbon,  hydrogen,  and  oxygen  only,  is  subjected  to  this  treat- 
ment, the  carbon  may  either  be  completely  driven  off  as  car- 
bonic aidiydride,  or  a part  may  remain  combined  in  the  form 
of  a carbonate.  The  met;tl  of  the  salt  may  remain  behind 
either  as  metal  (silver,  jdatinum,  etc.)  or  as  oxide  (lead  oxide, 
zinc  oxide,  ferric  oxide,  etc.)  or  as  carbonate  (jiotassium  car- 
bonate, barium  carbonate,  etc.). 

Di.slilhilioii. — I'lie  ])urification  of  organic  substances  is 
often  effected  by  distillation,  as,  for  examj)le,  when  a volatile 
substance  is  impure  from  the  ])resence  of  any  non-volatile 
admixture.  The  sejiaration  of  alcohol  by  distillation  from 
the  non-volatile  constituents  present  in  the  li(]uid  of  the  fer- 
menting tun  is  an  instance  of  this  kind  (p.  485). 

A mixture  of  two  or  more  litjuids  (all  of  them  volatile, 
but  of  different  boiling  |)oints  when  ])ure  and  unmixed)  may 
be  more  or  less  conqiletcly  separated  by  “ fmrlioiia/  dLsliJ/a- 
lion  ^that  is,  by  separately  collecting  the  j)ortions  of  the 
distillate  (“fractions”  as  they  are  called)  which  distil  at 
different  temperatures,  or  rather,  within  certain  intervals  of 
temperature.  Such  fractions  do  not,  as  a rule,  consist  entirely 
of  one  single  licpiid,  but  generally  contain  some  of  the  other 
volatile  sub.stances  present  in  the  original  mixture.  By 
subjecting  each  original  fraction  to  a second  fractional  dis- 
tillation, and  systematically  carrying  out  the  same  process 
on  succeeding  fractions  for  several  times,  fractions  of  almost 
constant  boiling  jioint,  and  composed  almost  entirely  of  one 
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liquid  cun  in  many  instances  be  obtained  ; but  in  some  cases 
nothing  more  than  a very  jiartial  se})aration  can  be  effected. 
I bus  from  a mixture  of  alcohol  and  water  it  is  not  possible, 
by  distillation  alone,  to  obtain  alcohol  containing  less  than 
about  6 per  cent,  of  water. 

Classes  of  Organic  Compounds. — The  majority  of  organic 
compounds  are  conveniently  grouped  into  two  main  classes, 
which  are  known  as  the  Fatty  (or  Aliphatic),  and  the 
Aromatic  classes  respectively.  When  these  names  were 
first  emj)loyed,  only  a comparatively  limited  number  of 
organic  compounds  were  known.  The  natural  fats  gave 
ri.se  to  a number  of  representatives  of  the  first  class,  which 
may  all  be  regarded  as  derivatives  of  methane,  €14,;  a 
considerable  number  of  representatives  of  the  second  class, 
which  may  be  regarded  as  derivatives  of  benzene,  C^H,., 
are  more  or  less  aromatic  substances,  such  as  some  of  the 
cs.sential  oils,  etc.  The  words  fatty  and  aromatic  are  of 
historical  interest,  but  although  in  common  use,  they  cannot 
now  be  looked  upon  as  very  appropriate.  In  dealing  with 
the  fatty  or  aliphatic  and  the  benzene  or  aromatic  com- 
pound.s,  these  two  classes  will  only  be  considered  separately 
in  so  far  as  a moderately  systematic  treatment  may  seem 
to  recpiire. 

(\))islilulion  or  Structure  of  Organic  Compounds. — The 
problem  of  the  relations  to  one  another  of  the  various  atoms 
which  compose  a molecule,  is  one  which  early  attracted  the 
interest  and  attention  of  chemists  ; and  it  is  one  for  the  solu- 
tion of  which  materials  have  been  accumulated  slowly  and 
laboriously  from  the  synthetical  and  analytical  investigation 
first  of  the  simpler  and  afterwards  of  the  more  complex 
chemical  compounds,  inorganic  and  organic.  How  to  recog- 
nise the  presence  of  certain  groups  of  atoms,  or  I'adicals,  in 
the  molecules  of  chemical  substances,  and  how  to  find  out  the 
jjosition  of  these  groups  in  the  molecules  is  often  a most 
difficult  and  yet  a most  fascinating  task  for  the  enthusiast 
and  skilled  experimentalist  in  chemistry  ; and  how  to  so 
marshal  these  grou])S  (drawn  perhaps  from  several  different 
sources,  and  obtainable  only  in  a state  of  combination)  that 
he  shall  produce  by  art  the  compound  originally  only  furnished 
by  nature,  is  still  more  difficult,  but  also  more  fascinating. 
More  fascinating  firstly,  because  it  will  furnish  proof  that 
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his  synthetical  work  was  sound  ; secondl}^,  because  by  arti- 
ficially and  perhaps  cheaply  producing  a rare  colour,  a rare 
perfume,  a rare  flavour,  or  a previously  costly  medicine,  he 
may  become  a benefactor  to  his  fellow-man  ; and  thirdly, 
because  he  may  gain  the  honour  of  unveiling  for  all  time  one 
more  of  the  truths  of  nature. 

In  practically  attacking  the  })roblem  of  the  constitution  of 
a compound,  the  chemist  pi'oceeds  to  note  whether  the  sub- 
stance is  acid,  alkaline,  or  neutral ; to  act  on  it  with  a base 
of  known  constitution  if  it  is  an  acid,  or  with  an  acid  of 
known  constitution  if  it  is  a base,  and  to  analyse  the  produced 
salts  ; to  oxidize  it ; to  deoxidize  it ; to  heat  it ; to  electrolyse 
it ; to  chlorinate  it ; to  remove  or  add  hydroxyl  (OH), 
carbonyl  (CO),  etc. ; to  substitute  hydrogen  by  a compound 
radical,  and  vice  versa  ; and,  generally,  to  perform  many  such 
operations,  in  the  hope  that  the  lines  of  chemical  cleavage  in 
the  molecule  will  be  detected,  the  essential  groupings  of 
atoms  in  the  molecule  be  discovered,  and  even  the  positions 
of  atoms  or  groups  of  atoms  in  relation  to  each  other  be 
reasonably  inferred.  Briefly,  similarity  in  properties  implies 
similarity  in  constitution  or  structure.  Per  contra,  similarity 
in  structure  being  reasonably  implied,  reference  to  properties 
shows  whether  or  not  the  reason  is  on  the  right  track  towards 
truth  in  the  matter  of  constitution  or  structure,  the  advance 
towards  error  being  jirevented  and  towards  truth  being  main- 
tained whatever  be  the  result  of  the  reference,  new  truths  not 
infretpiently  being  unveiled.  Thus,  by  the  way,  in  chemistry, 
do  fact  and  theory  ever  discharge  their  obligations  to  each 
other. 

Kolalion  of  Organic  Compounds. — In  order  that  we  may 
convey  to  one  another  our  conclusions  respecting  the  con- 
stitution of  organic  compound.s,  notation  has  to  be  carried 
somewhat  farther  in  organic  than  is  as  a rule  necessary  in 
inorganic  chemistry.  The  relative  j)ositions  of  atoms  and 
groups  of  atoms  in  a molecule  may  be  indicated  by  placing 
the  symbolic  letters  above  or  beneath  one  another  as  well  as 
on  one  line,  and  the  (|uantivalcncc  of  atoms,  as  well  as  the 
ways  in  which  we  conclude  they  are  linked  in  the  molecule, 
may  be  indicated  by  lines  (—  = or  i^)  or  dots  (.  : i ) either 
completely  or  oidy  ])artially  ein[)loyed  throughout  the  for- 
mula; each  dot  or  line  or  “link,”  or  “bond,”  rc[)resenting 
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the  supposed  condition  of  union  between  two  neighbouring 
atoms  or  radicals.  Formula’  which,  by  the  aid  of  such  dots 
or  lines,  purport  to  re})resent  the  relative  jiositions  of  the 
atoms  and  groups  of  atoms  in  molecules  (i.e.,  to  represent  the 
constitution  or  structure  of  the  molecules)  are  called  conslilu- 
lloiiat  or  si riicl lira/  J'onnu/a;.  Many  examjdes  of  such  formula 
will  be  met  with  in  the  succeeding  pages  of  this  Manual. 
When  structural  formula  are  written  in  the  most  extended 
I’orm,  so  as  to  re])resent  by  the  aid  of  lines  the  way  in  Avhich 
every  atom  in  a molecule  is  united  to  its  adjacent  atom.s,  the 
resulting  forniuhc  are  often  called  graphic  formula. 


QUESTIONS  AND  EXERCISES 
What  do  you  understand  by  organic  chemistry? — Give  methods 
of  ascertaining  tlic  presence  of  carbon,  liydrogen,  and  nitrogen 
in  organic  compounds. — Give  an  outline  of  tlic  methods  by  wliich  the 
(jnanlitics  of  carbon,  liydrogen,  oxygen,  and  nitrogen  arc  determined 
in  organic  compounds. — Wliat  is  meant  by  “fractional”  distillation? 

-Name  two  of  the  chief  classes  into  which  organic  compounds  are 
divided. — How  is  the  con.stitntion  of  an  organic  compound  ascertained  ? 
— What  do  yon  understand  by  constitutional  or  structural  formula;? 
— What  are  grajihic  formula;? 


HYDROCARBONS 

ComjKumds  known  as  hydrocarbons  contain  the  elements 
hydrogen  jind  carbon  only,  and  are  exceedingly  numerous. 
A very  large  number  of  the  known  hydrocarbons  belong 
to  the  fatty  class,  three  of  the  chief  groups  being  the 
I’aradin,  the  Olefine,  and  the  Acetylene  series. 

THE  PARAFFIN  SERIES  OF 
HYDROCARBONS 

Of  all  the  known  hydrocarbons,  tlie  simplest  in  com- 
position is  methane  or  marsh  gas,  which  is  the  first  member 
of  the  series  called  Paraffins.  In  this  series  of  hydro- 
carbons (and  in  it  alone)  the  total  combining  capacity  of 
each  carbon  atom  is  satisfied  in  such  a manner  (either  by 
linkage  M'ith  hydrogen  atoms,  or  with  other  carbon  atoms, 
or,  as  is  almost  always  the  case,  by  linkage,  i)artly  with, 
hydrogen  atoms  and  partly  with  other  carbon  .atoms)  th.at 
the  members  of  the  series  arc  not  capable  of  entering  into 
direct  union  with  chlorine  or  bromine,  so  as  to  form 
additioii  com[K)unds.  Hence  the  .series  of  paraffins  is  often 
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called  the  series  of  saturated  hydrocarbons.  Methane  is 
the  only  hydrocarbon  which  has  the  total  combining 
cajiacity  of  its  carbon  satisfied  by  linkage  with  hydrogen 
atoms.  Its  composition  is  represented  by  the  formula  CH^ 
H 

I 

or  H— C— H. 

H 

If  we  suppose  one  hydrogen  atom  of  methane  to  be 
removed  and  its  place  to  be  taken  by  the  group  — CHg 
(which  is  called  methyl),  we  get  the  composition  of  the 
next  simplest  paraffin,  ethane,  C^Hg.  There  is  no  reason 
to  suppose  that  any  one  of  the  four  hydrogen  atoms  of 
methane  differs  in  the  least  from  any  of  the  others  in  the 
way  in  which  it  is  related  to  the  carbon  atom  and  to  the 
other  three  hydrogen  atoms.  Thus  on  considering  in 

H 

the  graphic  formula  H — C — H,  the  relations  of  any  par- 

H 

ticular  hydrogen  atom,  we  see  that  it  is  linked  to  a carbon 
atom  which  in  turn  is  linked  to  three  other  hydrogen 
atoms.  Accordingly  it  is  immaterial  which  of  the  four 
hydrogen  atoms  we  supjiose  to  be  replaced  by  the  methyl 
group,  because,  if  the  relations  of  all  four  are  similar',  there 

H H 

would  in  any  case  I'esultthe  substance  ethane,  H — C — C — H. 


H H 

Ethane  is  also  a jraraffin  (the  second  of  the  series)  and 
contains  two  carbon  atoms,  each  of  which  is  linked  one- 
fourth  to  carbon  and  three-fourths  to  hydrogen. 

But  just  as  in  methane  any  one  of  the  four  hydrogen 
atoms  is  related  to  the  single  carbon  atom  in  the  same 
way  as  any  other,  so  in  ethane,  any  one  of  the  six  hydrogen 
atoms  is  related  to  one  of  the  carbon  atoms  in  the  same 
way  as  any  other  is. 

1 hus  on  considering,  in  the  graphic  formula  for  eth.ane 
just  given,  the  relations  of  any  one  of  tire  six  liydrogen 
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atoms,  we  see  that  it  is  linked  to  a carbon  atom  which  is 
in  turn  linked  to  two  other  hydrogen  atoms  and  to  the  group 
— CII3.  'I'he  relation  of  each  hydrogen  atom  to  what  is 
called  the  “carbon  nucleus,”  in  this  case  C — C,  is  the  same. 
Hence  if  we  sui)]u)se  one  hydrogen  atom  of  ethane  to  be 

i-cmoved  and  its  j)lace  to  be  taken  by  the  group  CH  , it 

is  immaterial  in  tliis  case  also  which  of  the  hydrogen  atoms 
we  sujipose  to  be  thus  replaced.  The  resulting  compound 
is  propane,  C^Hg,  the  third  hydrocarbon  of  the  paraffin 
series.  Consideration  of  the  graphic  formula  of  this  sub- 
II  II  H 


stance,  II — C — C — C — H,  reveals  the  fact,  however,  that 

I I I 

II  H II 

all  of  the  hydrogen  atoms  are  no  longer  similarly  related 
to  the  carbon  nucleus,  C — C — C.  Each  hydrogen  atom  is 
linked  to  a carbon  atom  as  before,  but  while  six  of  the 
hydrogen  atoms  are  linked  to  the  two  end  carbon  atoms, 
which  besides  are  one-fourth  liidied  to  carbon,  the  two 
remaining  hydrogen  atoms  are  linked  to  the  central  carbon 
atom  winch  is  one-half  linked  to  carbon.  'I'he  eight  li3^drogen 
atoms  in  propane  are  thus  divisible  into  two  groujis,  con- 
sisting of  six  and  of  two  respectively,  according  to  the 
jiosition  in  the  carbon  nucleus  of  the  carbon  atoms  to  which 
they  are  linked.  If  then,  we  suj^pose  one  hydrogen  atom 
of  propane  to  be  removed,  and  its  ])lace  to  be  taken  by 
the  group  — CHg  it  vimj  not  any  longer  be  immaterial 
which  atom  we  suppose  to  be  thus  replaced.  The  resulting 
compound  will  in  any  case  have  the  composition, 
but  it  is  evident  that  two  different  arrangements  of  these 
atoms  are  possible  as  indicated  by  the  formula;  ; — 

H H H II  H II  H 

I I I I I I I 

(1)  n_C— C— Ck-C— H and  (2)  H— C— C— C— H.  The 

I I I I III 

H II  H II  II  CHg  H 

formula  (1)  would  rej)resent  the  arrangement  in  the  case  of 
the  replacement  of  an  end  hydrogen  atom  of  jiropane  by 
— CHg ; the  formula  (2)  that  in  the  case  of  the  similar 
replacement  of  a central  hjalrogcn  atom.  vVs  a matter  ol 
fact,  two  (and  onl}^  two)  paraffins  are  known,  both  with 
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niolecuhir  weight  corresponding  to  the  formula,  CjHjq,  but 
differing  from  each  other  in  properties.  The  formula 
(1)  is  assumed  to  represent  one  of  these  two  compounds 
which  is  called  normal  butane,  and  the  formula  (2)  to 
rejn'esent  the  other  which  is  called  isobutane. 

Although  it  is  beyond  our  present  intention  to  follow 
much  further  the  possible  varieties  in  the  constitution  of 
the  compounds  which  we  may  regard  as  derived  from 
“lower”  paraffins  (i.e.,  paraffins  containing  in  their  mole- 
cules a smaller  number  of  carbon  atoms)  by  the  replace- 
ment in  these  of  different  hydrogen  atoms  by  the  methyl 
group  ; it  may  be  well  to  proceed  here  one  step  further 
in  this  direction  in  the  cases  of  normal  butane  and  isobutane, 
both  of  which  we  may  regard  as  derived,  by  this  kind 
of  rejilacement,  from  propane. 

Thus  on  considering  the  hydrogen  atoms  of  normal 
butane  (formula  (1)  above)  it  is  seen  that  six  of  them  (the 
two  end  sets  of  three  each)  are  linked  to  two  carbon  atoms 
which  in  turn  are  one-fourth  linked  to  carbon  and  are  both 
related  in  the  same  way  to  the  carbon  nucleus,  while  the 
remaining  four  (the  two  central  sets  of  two  each)  are 
linked  to  carbon  atoms  which  in  turn  are  one-half  linked 
to  carbf)n  and  are  both  related  in  the  same  way  to  the 
carbon  nucleus,  but  that  any  one  of  the  six  has  got  the 
same  kind  of  relations  to  the  remaining  atoms  in  the 
molecule  as  any  other  of  the  six  has,  and  that  any  one  of 
the  four  has  likewise  got  the  same  kind  of  relations  to 
the  remaining  atoms  in  the  molecule  as  any  other  of  the 
four  has.  From  normal  butane  then,  if  we  suppose  one 
hydrogen  atom  to  be  replaced  by  tlie  methyl  grouj),  it 
is  conceivable  that  two  different  substances  might  be 
derived,  one  of  which  would  be  rej)resented  by  the  formula 


H 

1 

H 

1 

H II  fl 

1 1 1 

H— C- 

1 

1 

-C 

1 

1 1 1 
— C— C— C— I 

I,  and  the  other 

i>y 

the  formuhi 

1 

H 

1 

H 

1 1 1 

n H II 

II  H II  II 

II  II 

11 

II 

•I— — C — C— C— H or  II— C— C— C— C— II. 

I I I I I I I I 

II  II  H IICIl,,  II 


436 


OEGANIC  CHEMISTKY 


But  on  considering  the  hydrogen  atoms  of  isobutane 
(formula  (2)  above)  it  is  seen  that  nine  of  them  (three  sets  of 
three  each)  are  linked  to  three  carbon  atoms  which  in  turn 
are  one-fourth  linked  to  carbon  and  are  all  related  in  the 
same  way  to  the  carbon  nucleuSj  while  the  remaining  one  is 
linked  to  a carbon  atom  which  in  turn  is  three-fourths  linked 
to  carbon  and  differs  from  all  the  others  in  its  relation  to  the 
carbon  nucleus.  The  relations  to  the  remaining  atoms  in  the 
molecule,  of  any  one  of  the  series  of  nine  hydrogen  atoms 
are  of  exactly  the  same  kind  as  those  of  any  other  of  them, 
and  the  relations  of  each  of  them  are  different  from  those  of 
the  single  hydrogen  atom.  Here  again  then,  if  we  sujipose 
one  hydrogen  atom  of  isobutane  to  be  replaced  by  the  methyl 
group,  it  is  conceivable  that  two  different  substances  might 
be  derived,  of  which  one  would  be  represented  by  the 
formula — 

n I I H I I ri  I I I I H H H H 

or  H_i_C_C-i-II  or  H-C-i-i-H ; 

I I I I L I I I I 1 Jr 

HCILH  I I I I I I Cl  I T II  II  H 

II  1 II  II— C— II 

I I I I H 

I I I 

and  tlic  other  by  the  formula  11— C — C — C — H. 


II 


But  comparison  of  the  formula  given  for  the  second  of  the 
conceivable  derivatives  from  normal  butane  with  that  given 
for  the  first  of  the  conceivable  derivatives  from  isobutane 
shows  that  these  two  are  identical,  and  that  therefore  there 
are  theoretically  only  three  paraffins  of  the  formula  C^Hjo 
derivable  from  the  two  butanes  by  the  replacement  of  one 
hydrogen  atom  by  the  group  — CHg.  As  a matter  of  fact 
three  paraffins  (and  only  three)  are  known  all  with  moleculai 
weight  corresponding  to  this  formula.  They  are  called  pen- 
tanes and  they  differ  very  considerably  from  one  anotlier  m 
their  properties. 

Isomerism,  Pohjmerism,  Mdnmerism. — The  occurrence  of 
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two  01’  more  substances  possessing  the  same  centesimal  com- 
position but  differing  in  properties,  as  exemplified  in  the 
cases  of  a number  of  the  paraffins  mentioned  in  the  foregoing 
paragraphs,  is  vei'y  frequently  met  with,  especially  in  organic 
chemistry.  Substances  which  stand  in  this  relationship  to 
each  other  are  termed  isomeric  (from  I'cros,  isos,  equal,  and 
(j-epos,  meros,  part) ; and  their  condition  is  spoken  of  as  one  of 
isomerism.  There  is  sometimes  good  reason  for  doubling  or 
otherwise  multiplying  the  formula  of  one  of  two  isomers, 
isomerides,  or  isomeric  substances.  Thus  a molecule  of  ethy- 
lene (olefiant  gas),  one  of  the  chief  illuminating  constituents 
of  coal  gas,  is  represented  by  the  formula  CgH^,  while  a 
molecule  of  butylene,  a hydrocarbon  having  the  same  per- 
centage composition  as  olefiant  gas,  is  represented  by  the 
formula  C^Hg,  because  butylene  in  the  state  of  gas  is  specifi- 
cally twice  as  heavy  as  ethylene,  and  must  contain,  therefore, 
in  each  molecule,  twice  as  many  atoms,  since  (Avogadro) 
e(|ual  volumes  of  the  substances  in  the  gaseous  state  and 
under  the  same  conditions  contain  equal  numbers  of  mole- 
cules ; its  fonnula  is,  consequently,  fixed  in  conformity  wdth 
these  facts.  This  variety  of  isomerism  is  termed  polijmcrism 
(from  ttoAv’s,  polFis,  many  or  much,  and  pepos,  part).  Formal- 
dehyde, CH^O,  acetic  acid,  C^H^O.,,  and  lactic  acid,  CgH^Og, 
furnish  another  group  illustrative  of  polymerism.  Meta- 
stannic  acid  (,yee  p.  216)  is  a polymeric  variety  (poijmer  or 
pohjmeridc)  of  stannic  acid.  An  exain])le  of  another  variety 
of  isomerism  is  seen  in  the  case  of  ammonium  cyanate  and 
i urea,  substances  already  alluded  to  in  connection  with  cyanic 
acid.  These  and  several  other  pairs  of  chemical  substances 
have  di.ssimilar  propertie.s,  yet  are  similar  in  the  centesimal 
I proportion  of  their  elements,  and  we  cannot  avoid  the  con- 
> elusion  that  each  molecule  possesses  the  same  number  of 
; atoms.  Hut  the  reactions  of  these  substances  indicate  their 
1 probable  constitution  ; and  this  is  rei)resented  in  their 
t formulae  by  the  di.sj)osition  of  the  symbols.  Thus  ammonium 
i cyanate  is  represented  by  the  formula  NI1,CNC),  urea  by 
I CO(NII^).^.  Such  substances  are  termed  melameric  (from 
,/x«Ttt,  mein,  a preposition  denoting  change,  and  p'epo'i),  and 
I their  condition  sj)okcn  of  as  one  of  metamerism.  I'ithyl  acetate 
:(p.  105)  is  metameric  with  butyric  acid  (p.  520);  they  have 
Ithe  same  [)crcentagc  coni])osition  and  the  same  vapour  density 
;and  each  might  be  represented  by  the  formula  C JlgO  , ; but 
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their  properties  warrant  us  in  assuming  that  their  atoms 
occupy  different  ])ositions  in  the  two  molecules — justify  us  in 
writing  CH^'COOC.jHr,  as  the  formula  for  a molecule  of  ethyl 
acetate,  and  C^Hi^'COOH  as  the  formula  for  a molecule  of 
butyric  acid.  Methjd  acetate,  CHg'COOCHg,  propionic  acid, 
CgHg  COOH,  and  ethyl  formate,  H'COOC,Hg,  are  isomers  of 
the  metameric  variety,  or  mciamcrs  or  mclamcridcs ; also 
quinine  and  quinidine,  cinchonine  and  cinchonidine,  many  of 
the  volatile  oils,  etc. 

Homologous  Series. — In  the  consideralion,  so  far,  of  the 
series  of  paraffins,  we  have  seen  that,  starting  from  the  first 
member,  methane,  each  succeeding  member  of  the  series 
differs  from  the  one  which  immediately  precedes  it  by  con- 
taining the  group  — CHg  in  the  place  of  an  atom  of  hydrogen; 
or,  in  other  words,  by  the  common  difference  of  one  atom  of 
carljon  and  two  atoms  of  hydrogen  ((H  I.,).  Many  other  series 
of  substances  besides  the  juiraflins  are  known  in  which  the 
successive  members  differ  from  one  another  by  CHg,  or  a 
multiple  of  CHg.  Such  series  are  called  homologous  (from 
o/ios',  homos,  the  same,  and  Adyos,  logos,  proportion),  'fhe 
“higlicr  ” members  of  the  paraffin  series  (i..e.,  tho.se  contain- 
ing in  their  molecules  more  than  one  atom  of  carbon)  are 
called  homologues  of  methane. 

General  formuhv  for  homologous  senes. — It  is  often  con- 
venient (and  it  is  always  possible)  to  represent  the  general 
comjiosition  of  the  members  of  any  homologous  series  of  com- 
pounds by  means  of  a formula.  In  the  case  of  the  paraffins 
Llie  general  formula  is  usually  written  C^Hjn+j,  where  n re- 
presents the  number  of  carbon  atoms  in  a molecule  of  the 
compound.  'I’liis  formula  shows  that  whatever  number  of 
carbon  atoms  a molecule  of  the  paraffin  contains,  it  contains 
twice  that  number  of  hydrogen  atoms  and  two  hydrogen 
atoms  besides.  The  general  formulae  for  some  other  homo- 
logous series  will  be  given  later  in  their  respective  places. 

Normal  Paraffins. — The  term  normal  is  a]iplicd  to  those 
paraffins  in  which  the  carbon  nucleus  is  cajmble  of  being 
rej)resented  as  consisting  of  carbon  atoms  so  linked  together 
as  to  form  a single  chain  ” without  any  .side-branches  (or 
side-chains  ”);  for  exanqfie,  C — C as  in  ethane,  C — C — C as 
in  jmqnine,  C — C — C — Gas  in  normal  butane,  C — C — C — C — ( 
as  in  normal  pentane.  It  will  be  observed  that  in  these 
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“chains”  tlie  carbon  atoms  are  represented  as  either  one- 
fourth  or  one-half  linked  to  other  carbon  atoms,  but  never 
more  than  this.  Contrast  these  straight  “ chains  with 
C — C — C,  the  carbon  nucleus  of  isobutane,  and  with 


C — C — C — C and  C— C — C,  those  of  isopentane  and  of  tetra- 


methyl  methane  respectivel}'^,  in  the  first  two  of  which  one 
carbon  atom  of  each  is  represented  as  three-fourths,  wliile  in 
the  last,  one  carbon  atom  is  represented  as  wholly  linked  to 
other  carbon  atoms.  Carbon  atoms  which  may  thus  be  dis- 
tinguished in  the  carbon  nucleus  by  the  different  proportion 
of  their  combining  capacity  which  is  satisfied  by  linkage  with 
other  carbon  atoms,  are  designated  as  primary,  secondary, 
tertiary,  or  quaternary,  according  as  one-foin*th,  one-hall, 
thi’ee-fourths,  or  the  whole  of  that  combining  capacity  is  so 
satisfied. 

In  connection  with  these  designations  of  carbon  atoms  it 
is  not  unimportant  to  note  that  the  carbon  atom  in  methane 
is  not  linked  to  other  carbon  atoms  at  all  but  to  hydrogen 
atoms  exclusively  ; and  that,  with  respect  to  this  peculiarity 
of  its  carbon  atom,  methane  is  quite  exceptional  and  differs 
from  all  other  hydrocarbons. 

Occurrence  of  Paraffins  in  Nature. — Methane  or  inarsli  gas 
occui's  as  a jri'oduct  of  the  slow  decay  of  vegetable  matter  in 
presence  of  much  water,  as,  for  example,  in  stagnant  pools, 
marshy  places,  etc.,  and  also  as  the  “ fire-damp  ” of  coal  mines. 
Further,  methane  and  several  of  its  homologues  are  present 
in  the  gases  which  issue  from  the  earth  in  the  petroleum 
region  of  Pennsylvania  and  in  other  p.arts  of  the  world  ; while 
the  crude  petroleum  itself  which  flows,  or  is  pumped,  from 
the  earth  in  these  [)laces,  also  consists  of  or  contains  higher 
members  of  the  series. 

I'ormalion  of  Paraffins  in  the  (In/  distil  I at  ion  of  coal,  /rood, 
.shale,  etc. — Ihe  volatile  products  obtained  by  tbe  dry  distilla- 
tion of  these  substances  always  contain  considerable  ipiantities 
of  paraffins.  1 bus  methane  is  a constant  constituent,  in  large 
pioportion,  of  coal  gas  and  of  wood  gas.  I'kirthcr  in  the  dry 
distillation  of  shale  in  the  Scottish  “jj.irallin  oil”  industry. 
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besides  the  purafiins  which  are  contained  in  the  gaseous  pro- 
ducts, the  liquid  distillate  consists  largely  of  liquid  paraffins 
in  which  solid  compounds,  also  belonging  to  the  paraffin  series, 
are  held  in  solution. 


Mdhods  for  the preparalion  of  Paraffin/,. — It  may  now  con- 
veniently be  shown  that  the  process  discussed  on  pji.  433-436 
of  building  iqi,  from  one  member  of  the  paraffin  series,  the 
next  higher  member,  by  the  re])lacement  of  a hydrogen  atom 
by  the  methyl  group,  is  in  certain  instances  capable  of  actual 
cx|)erimental  realization.  'J'his  synthesis  can  be  effected  by 
several  different  methods,  and  one  or  two  of  tliese  methods 
may  be  described  here  with  some  detail. 

1.  One  hydrogen  atom  of  methane  can,  without  difficulty, 
l)e  replaced  by  chlorine,  methyl  chloride,  CHyCI,  being  pro- 
duced (]).  457).  From  methyl  chloride  the  corresponding 
iodine  compound  (methyl  iodide,  CH.^1)  could  be  obtained. 
One  way  to  do  this  would  be  to  convert  the  methyl  chloride 
into  methyl  alcohol,  CH.(OH  (j).  482),  and  from  this  to  prepare 
methyl  iodide.  It  is  indeed  usual  to  jn’epare  methyl  iodide 
from  metliyl  alcohol  (p.  459),  but  methyl  alcohol  is  prepared 
on  the  large  .scale  by  other  methods  (p.  483)  very  much  more 
easily  and  cheaply  than  would  be  possible  if  it  had  to  be 
obtained  from  methane  by  way  of  methyl  chloride.  This 
method  is  stated  here,  however,  in  order  to  show  that  the 
end  in  view,  viz.,  the  prej>aration  of  methyl  iodide  starting 
from  marsh  gas,  is  caj)able  of  attainment. 

If  methyl  iodide,  however  prejiared,  is  dissolved  in  a 
suitable  solvent,  such  as  ether,  and  the  solution  is  treated 
with  metallic  sodium,  a reaction  takes  i)lace  which  may  be 
diagrammatically  represented  thus  : — 


H H 

H— C— :I  2Na  I— C— H 

I ^ ^ I 

II  II 


The  products  are,  sodium  iodide  (2NaI)  and  ethane. 

If  II 

I I 

1I_C— C— H, 
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and  the  mode  of  its  formation  here  furnishes  strong  evidence 
concerning  the  constitution  of  ethane. 

By  carrying  out  a series  of  oj)erations  analogous  to  those 
described  in  the  case  of  methane,  only  starting  from  ethane 
instead,  it  is  possible  to  prepare  a derivative  from  this  latter 
hydrocarbon  also,  in  which  the  place  of  one  atom  of  hydrogen 
is  taken  by  iodine  so  as  to  form  ethyl  iodide,  On  the 

large  scale  ethyl  iodide  is,  however,  always  prej)ared  from 
ethyl  alcohol,  CgH^OH  (p.  459)  in  the  same  way  that  methyl 
iodide  is  prepared  from  methyl  alcohol.  If  ethyl  iodide  is 
dissolved  in  pure  ether  and  the  solution  is  treated  with 
metallic  sodium,  a reaction  takes  place  which  is  exactly 
analogous  to  that  represented  above  with  methyl  iodide  : — 

CHgCH^I  2Na  liCH^CHg, 


whereby  normal  butane  is  produced  ; while  if  the  oj)eration 
is  similarly  carried  out,  but  with  the  employment  of  a 
mixture  of  methyl  and  ethyl  iodides  instead  of  ethyl  iodide 
alone,  besides  ethane  and  normal  butane  (which  may  both  be 
supj)osed  to  be  formed  according  to  the  actions  already  repre- 
sented above),  a quantity  of  a third  paraffin,  propane,  CgHg,  is 
always  produced.  The  formation  of  this  paraffin  may  be 
represented  thus  : — 


CH. 


I 2Na  I 


CH.,CH 


3- 


Besides  by  tlie  method  already  described  for  obtaining 
normal  butane  from  ethyl  iodide  by  the  action  of  sodium,  this 
paraffin  can  also  be  prepared  (mixed,  however,  with  ethane 
and  normal  hexane,  C,.Hj(),  by  a method  strictly  analogous 
to  that  just  given  above  for  the  jirejiaration  of  proj)ane,  only 
employing  a mixture  of  methyl  iodide  and  normal  propyl 
iodide,  CgHyl,*  instead  of  the  mixture  of  methyl  and  ethyl 
iodides. 

* Two  iodides  are  known,  both  with  molecular  weight  correspond- 
ing to  the  formula  C„H,I.  They  arc  called  normal  and  iso-i)ropyl 

II  II  II 


iodides,  and  may  be  represented  by  the  formulue  II— C-(!:— C-I  and 
H H II  III 


II 


— II  respectively. 


II  II  II 


II  I H 
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Thus  by  two  vuriatioiis  of  the  same  method,  i.e.,  by  act- 
ing with  sodium  (r/)  upon  solution  of  a single  iodide,  and  (/;) 
upon  mixed  solutions  of  two  different  iodides,  normal  paraffins 
can  be  obtained  either  with  even  numbers  of  carbon  atoms 
in  their  molecules,  or  with  odd  numbers  (greater  than  one). 
It  must  be  noted,  however,  that  when  mixed  iodides  are 
employed,  a mixture  of  three  different  paraffins  is  always 
obtained,  as  illustrated  above,  and  even  the  approximate 
separation  of  these  from  one  another  may  not  be  practicable. 
A reaction  of  this  kind  cannot,  therefore,  be  employed  as  a 
mode  for  preparing  a single  paraffin  in  a state  of  purity. 

2.  Paraffins  are  obtained  (along  with  other  products)  by 
the  electrolysis  of  .solutions  of  ])otas.sium  salts  of  the  homo- 
logous series  of  acids  to  which  acetic  acid  belongs.  The.se 
acids  are  all  regarded  as  containing  a group  of  atoms  which 
is  called  the  carhoa'i/t  group  and  is  supposed  to  consist  of 
a carbon  atom  with  its  combining  capacity  three-fourths 
satisfied  by  linkage  with  two  oxygen  atoms  (i.c.,  one-half  by 
linkage  with  one  oxygen  atom,  which  is  thereby  fully  satis- 
fied, and  one-fourth  by  linkage  with  a second  oxygen  atom 
w'hich,  in  turn,  is  further  linked  to  a hydrogen  atom).  The 
constitution  of  this  grouj)  may  be  represented  gra])hically 
() 

thus  : — () — II.  To  .save  space,  however,  it  is  often  jiriiitcd 

— coon.  In  the  acids  of  llie  acetic  series  (and  in  carboxyl 
acids  generally)  the  carbon  atom  of  this  carboxyl  grouj)  is 
suj)]iosed  to  be  further  one-fourth  linked  to  another  carbon 
atom  in  the  molecule  (with  the  single  exception  of  formic 
acid,  the  first  member  of  the  acetic  series,  in  which  the 
carbon  atom  of  the  carboxyl  grouj)  is  the  oidy  one  contained 
in  the  molecule  and  is  suj)j)osed  to  be  further  one-fourth 

() 

linked  to  a liijdrogen  atom  thus  : PI — G — O — PI). 

The  comj)osition  of  any  member  of  the  acetic  series  of 
acids  may  be  rej)resented  by  the  general  formula  C„Plo„0.j, 
or  better  by  the  more  extended  formida  C„PP,„+iC()OPP 
The  consideration  of  this  latter  mode  of  writing  the  general 
formula  for  these  acids  shows  that  the  acids  themselves  )uay 
be  regarded  as  j)araflins  (C„Ho„.| .,)  from  which  one  hydrogen 
atom  has  been  removed  (leaving  C„H,j„^.,),  (he  j)lace  of  this 
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hydrogen  atom  being  taken  by  the  carboxyl  group.  1 1 is  in  this 
light  that  we  shall  regard  these  acids  for  our  present  purpose. 

The  formation  of  various  paraffins  by  the  electrolysis  of 
solutions  of  the  jjotassium  salts  of  acids  of  the  acetic  series 
may  be  illustrated  by  the  following  example  : — 

When  a concentrated  solution  of  potassium  acetate, 
CH3COOK,  is  electrolysed,  it  may  be  rejiresented  that  the 
salt  is  first  separated  into  potassium  and  the  acid  radical  of 
the  acetates  and  that  other  changes  follow.  Thus  there  are 
formed : 


At  the  Cathode 
K 

which  interacts  with  water, 
yielding  KOH  and  H.  The 
H atom  then  unites  with  an- 
other H atom,  similarly  pro- 
duced, to  form  a hydrogen 
molecule,  H.,. 


At  the  Anode 
CH,COO 

which  breaks  up  for  the  most  part 
into  — CH.,  and  CO„  (although 
other  changes  occur  to  some  ex- 
tent). Each  — CH3  group  then 
unites  with  another  — CH.,  group, 
similarly  produced,  to  form  an 
ethane  molecule,  C._,H„. 


3.  Another  method  for  the  preparation  of  jiaraffins, 
which  is  of  somewhat  general  apj)licability,  consists  in  heat- 
ing the  salts  of  the  acids  of  the  acetic  series  with  basic 
hydroxides.  The  basic  hydroxide,  at  a high  temj^erature, 
removes  carbon  and  oxygen  from  the  salt  in  the  proportions 
in  which  these  elements  combine  to  form  carbonic  anhydi'ide, 
a carbonate  and  a ])araffin  resulting  from  the  interaction.  It 
has  been  found  that  the  best  results,  on  the  whole,  are 
obtained  by  emj)Ioying  the  barium  salts  and  beating  tliese 
with  barium  hydroxide.  Writing  the  general  formula  for 
the  barium  .salt  (in  wdiich  the  bivalent  atom  of  barium  must 
of  course  be  represented  as  taking  the  places  of  two  hydrogen 
atoms,  i.e.,  of  one  each  in  two  molecules  of  the  acid)  the 
change  which  occurs  may  be  represented  diagrammatically 
as  follows : — 


0 


0 


''''C- 

; \()_  Ha— ()/ 


H 


II  ()_Ha— 


0 11 


or  by  an  e(juation  as  follows: — 

(C..I I, .,+  i('()())Jla+lhi(()ll),=  2Ha(  ()3-f2CJ 
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Methane.  Marsh  gas.  Liglil  carhurcUed  hydrogen.  Methyl 
hydride.  Fire  - damp.  CH^. — Tliis  gaseous  hydrocarbon 

may  be  made  from  its  elements  by  combining  the  carbon 
with  sulphur  to  form  carbon  bisulphide  and  the 
hydrogen  with  sulphur  to  form  hydrogen  sulphide,  and 
tlien  jiassing  these  two  compounds  over  red-hot  copper. 
It  occurs  naturally  in  coal  mines  and  in  the  mud-volcanoes 
of  tlie  Crimea ; it  is  frecpiently  associated  w'ith  the  crude 
petroleum  tliat  issues  from  the  earth,  and,  mixed  with 
carbonic  anhydride  and  nitrogen,  is  constantly  rising  in 
hubbies  to  tlie  surface  of  stagnant  pools  in  marshy  places. 
It  is  a non-illuminating  constituent  of  ordinary  coal  gas. 
It  may  he  prepared  by  heating  a mixture  of  2 parts  of  diy 
sodium  acetate,  3 of  lime,  and  2 of  caustic  soda  or,  better, 
caustic  potash. 

CH,  CO-()Na  -t-  NaOH  = CH.^  -I-  Na^COg 

Houium  acctaU)  Caustic  so<la  Motliaiin  Sodium  carbonate 

Methane  prejiared  in  this  way  is  never  quite  pure, 
but  is  mixed  with  other  gases  of  which  the  principal  ones 
are  hydrogen  and  ethylene  (p.  452).  Pure  methane  is 
obtainable  by  the  action  of  water  on  zinc  methide, 
Zn(Cl-l3)., 

Zn(Cl-l3).^  -I-  2II2O  = Zn(01-1)2  -h  2CH,j 

Methane  is  a colourless  and  odourless  gas  of  sp.  gr.  8'07. 
It  only  dissolves  to  a small  extent  in  water  but  is  rather 
more  soluble  in  alcohol.  It  can  be  condensed  to  the  liquid 
state  by  the  application  of  a moderate  pressure  at  a very 
low  temperature.  It  burns  in  air,  but,  when  pure,  with 
a practically  non-luminous  flame  : CH,j  q-20,  = C()^q-2H20. 

Mixtures  of  methane  and  air  in  suitable  ])roportions 
give  rise  to  violent  explosions  when  fired.  This  occurs 
occasionally  in  insufficiently  ventilated  coal  mines.  About 
ten  times  its  volume  of  air  are  required  for  the  complete 
combustion  of  any  given  volume  of  methane.  When 
methane  is  mixed  with  eighteen  times  its  volume  of  air 
(or  more  than  this)  the  mixture  does  not  explode  on  the 
ajiplication  of  a light. 

Ethane,  C^H^.  Dimethyl.  Kthyl  hydride. — This  is  one 
of  the  constituents  of  crude  ])etroleum.  It  is  usually 
prepared  in  quantity  by  the  electrolysis  of  a concentrated 


PAEAFFINS 


445 


( 

i 

t 


■V 

I 


1 


solution  of  potassium  acetate  (p.  443).  The  mixture  of 
ethane  and  carbonic  anhydride  which  is  given  off  at  the 
positive  electrode  during  this  process  is  made  to  bubble 
through  a concentrated  solution  of  potassium  hydroxide 
which  absorbs  the  carbonic  anhydride,  while  the  ethane 
passes  on  unabsorbed. 

Ethane  is  also  obtained  (a)  by  the  action  of 
sodium  upon  methyl  iodide  dissolved  in  ether  (p.  440), 
2CH3I  + 2Na  = 2NaI  + CgH,. ; (d)  by  the  action  of  water  upon 
zinc  ethide,  Zn(C.,H5).,  + 2H2O  = Zn(OH)2  + 2C2Hg  ; and  (c) 
by  the  interaction  of  zinc  methide  and  methyl  iodide  : 
Zn(CH3)2  + 2CH3I  = Z11I2  + 2C2H^. 

Ethane  is,  like  methane,  a colourless  and  odourless  gas, 
Its  sp.  gr.  is  14*95.  Water  dissolves  less  than  one  tenth 
of  its  volume  of  ethane,  but  alcohol  dissolves  somewhat 
more  than  its  own  volume  of  it.  It  can  be  condensed  to 
the  liquid  state,  at  about  0°  C.,  by  the  application  of  moderate 
pressure.  It  burns  in  air  with  a very  feebly  luminous  flame  : 

2C2Hg  + 7O2  = 4CO2  + 6H2O 

Propane,  methijl  ethi/l,  C3Hg. — This  gas,  like  methane, 
occurs  dissolved  in  the  Pennsylvanian  jDetroleum  springs. 

Butanes,  C^Hjq.  — As  already  stated,  there  are  two 
isomeric  butanes,  normal  butane  or  diethyl,  C.,H3*C2Hg,  found 
in  petroleum,  and  isobulatie  or  trimethyl  methane,  CH(CH3)3 
formed  by  artificial  means. 

Pentanes,  — As  previously  stated,  three  varieties 

are  possible,  and  three  only  are  known.  Ordinary  amyl 
alcohol  and  valerianic  acid  are  derivatives  of  isoamijl 
hydride  or  isopentane. 

Hexanes,  C^Hj^. — Five  are  possible,  five  are  known. 

Hei>tanes,  CjHj,;. — Nine  are  pos-sible,  five  are  known. 

Octanes,  CgH,g.  — Eighteen  are  possible,  three  are 
known. 

Nonane,  CqII.2q,  Decane,  Cj3H22,  and  every  paraffin 
hydrocarbon  up  to  as  well  as  some  others,  and 

derivatives  of  much  higher  memljers  of  the  paraffin  series 
of  hydrocarbons,  are  known. 
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General  Character  of  the  Paraffins. — The  lower  members 
of  the  i)jirji(tin  series  are  gases  at  ordinary  temjieratiires ; 
tlie  next  following  members,  beginning  with  butane  and 
isobiitane,  are  licjnids  with  very  low  boiling  points,  but 
with  the  boiling  points  rising  graduall}^,  though  not  quite 
regularly,  as  the  number  of  carbon  atoms  in  the  molecule 
increases.  When  members  with  fifteen  or  more  carbon 
atoms  in  their  molecules  are  reached,  these  are  colour- 
less solids  at  ordinary  temjieratures,  and  boil  at  tempera- 
tures mostl}^  above  200°  C.  The  paraffin  wax  largely  used 
in  the  manufacture  of  candles  consists  of  a number  of  the 
higher  j)ai’affins  mixed  together. 

The  specific  gravities  of  the  liquid  and  solid  paraffins 
rise  gradually  with  the  increase  of  molecular  weight.  All 
the  ])ara(Iins  are  considerably  lighter  bulk  for  bulk  than 
water.  I hcy  are  all  very  nearly  insoluble  in  water  but 
they  are  more  or  less  soluble  in  alcohol  and  ether. 

As  regards  their  chemical  characters,  the  paraffins  are 
remarkable  for  the  resistance  which  they  offer  to  the  action 
of  the  majority  of  the  most  active  oxidizing  and  other 
agents,  such  as  the  strong  acids  and  alkalies  generally, 
sodium,  etc.  When  oxidation  of  a paraffin  takes  place  at 
all,  it  is  frequently  complete,  c'arbonic  anhydride  and  water 
being  the  only  ]>roducts  formed.  The  paraffins  are,  however, 
easily  attacked  by  chlorine  in  presence  of  light;  less  easily 
by  bromine.  These  agents  act  by  displacing  one  or  more 
hydrogen  atoms,  and  substituting  chlorine  or  bromine  for 
the  hydrogen  so  disjdaced,  hydrochloric  or  hydrobromic 
acid  being  formed  at  the  same  time  : 

C„H2„+2  + Cl2  = C..H2„.,iCl-|-HCl 

C,.H2„+2  + + HBr 


Petroleum  Spirit.  Paraffin  Oil.  Paraffin 

Petroleum  Spirit,  B.P.  {pentane,  hexane,  CgHj.,,  etc.), 

known  also  as  henzolvn,  petroleum  henzin,  and  petroleum  ether  \s 
a colourless,  very  volatile,  and  highly  inflammable  liquid 
obtained  from  the  thin  greenish  crude  petroleum,  and 
“ consisting  of  a mixture  of  the  lower  members  of  the 
paraffin  series  of  hydrocarbons.  Boiling-jioint,  122°  to 
140°  F.  (50°  to  G0°  C.).  Sjn  gr.  about  0-670  to  0-700. 
(Benzene  or  benzol  is  quite  a different  li(]uid.) 
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Paraffin  Oil  (Parqffinimi  Liqnidim,  B.P.  and  G.P.,  Petrol- 
alum  Liqniclum,  U.S.P.),  a mixture  of  the  liiglier  liquid 
members  of  the  paraffin  series  of  hydrocarbons,  is  a clear 
oily  liquid  obtained  from  petroleum  after  distilling  off 
the  lower  boiling  portions.  Sp.  gr.,  0'885  to  0’890. 
Boiling-point,  not  below  680°  F.  (360°  C.).  When  heated 
\vith  an  equal  volume  of  sulphuric  acid,  the  oil  is  not  coloured 
and  the  acid  only  tinged  brown ; when  heated  with 
metallic  sodium  the  metal  is  not  tarnished  ; alcohol  boiled 
with  the  oil  should  not  become  acid.  Soft  Paraffiii  (Par- 
affimim  Molle,  B.P.),  officially  termed  Unguentum  Paraffini  in 
Germany,  Pelroleine  in  France,  and  Petrolatum  Molle  in  the 
United  States,  and  known  in  commerce  by  various  fanciful 
names  (vaseline,  etc.),  is  a semi-solid  mixture  of  paraffins, 
usually  obtained  by  purifying  the  less  volatile  portions 
of  jietroleum.  It  is  “ white  or  yellow,  translucent,  soft, 
unctuous  to  the  touch,  free  from  acidity,  alkalinity,  or  any 
unpleasant  odour  or  flavour,  even  when  warmed  to  120°  F. 
(48'9°  C ).  Specific  gravity  at  the  melting  point  0’840  to 
0'870.  Melts  at  96°  to  102°  F.  (35'5°  to  38‘9°  C.)  or  even 
somewhat  higher,  volatilizes  without  giving  off  acrid  vapours, 
and  burns  with  a bright  flame,  leaving  no  residue.  In- 
soluble in  water,  slightly  soluble  in  absolute  alcohol,  freely 
soluble  in  ether,  chloroform,  and  benzol.”  It  is  not  sajioni- 
fied  by  solutions  of  alkalies.  Hard  Paraffin  (^Paraffinum 
Durum,  B.P. ; Pelrolatum  Spissum,  U.S.P.),  commonly  termed 
paraffin  icax,  or  simply  paraffin,  is  “a  mixture  of  several 
of  the  harder  members  of  the  j)araffin  series  of  hydro- 
carbons ; usually  obtained  by  distillation  from  shale,  separ- 
ation of  the  liquid  oils  by  refrigeration,  and  purification  of 
the  solid  product.  It  is  colourless,  semi-transj)arent,  crystal- 
line, inodorous,  and  tasteless  ; slightly  greasy  to  the  touch. 
Sp.  gr.,  0 82  to  0 94.  Insoluble  in  water,  slightly  soluble 
in  absolute  alcohol,  almost  entirely  soluble  in  ether.  An 
alcoholic  solution  should  not  redden  litmus.  It  melts  at 
130°  to  135°  F.  (54  4°  to  57'2°  C.),  and  burns  with  a bright 
flame,  leaving  no  residue.” 

Paraffin  resists  all  ordinai'y  reagents  (hence  the  original 
name  paraffin,  from  pariim  qffinis,  without  affinity),  but  may, 

I by  continued  boiling  with  sul])huric  acid  and  solution  of 
potassium  bichromate,  be  oxidized  to  cerotic  acid,  C^^Mr.iO.^. 
By  continued  digestion  Avith  nitric  and  sul])huric  acids  it 
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3’iekls  acids  of  tlie  acetic  series  and  paraijinic  acid,  C,,,H,oO, 
(Pouchet).  ■ 2 


QUESTIONS  AND  EXERCISES 

Draw  graphic  formuhe  for  methane,  ethane,  propane,  bntane,  and 
isobutane. — How  many  hydrocarbons  of  the  formida  Cr,Hj2  are  theo- 
retically jiossible  and  how  many  are  known? — What  is  meant  by 
isomerism? — Give  several  illustrations. — Give  examples  of  polymeric 
substances. — What  is  meant  by  the  term  “homologous  series”? — 
What  is  the  general  formula  for  the  hydrocarbons  of  the  paraffin 
series? — Mention  some  of  the  sources  of  paraffins. — Describe  three 
general  methods  for  the  ])reparation  of  paraffins. — How  would  you 
prc))are  methane  and  ethane? — What  are  the  substances  known  as 
|)etroleum  spirit,  paraffin  oil,  soft  paraffin,  and  hard  paraffin? — What  is 
the  derivation  of  the  word  paraffin  ? 


THE  OLEFINE  SERIES  OF  HYDROCARBONS 

In  so  far  as  com])osition  is  concerned,  any  member  of  the 
olefine  series  differs  from  the  paraffin  which  contains  the  same 
nund)er  of  carbon  atoms  in  its  molecule,  by  containing  two 
atoms  of  hydrogen  fewer.  'I'he  general  formula  for  the 
members  of  the  olefine  series  is  accordingly  C,,!-!,,,*  This 
formula  indicates  that  for  each  atom  of  carbon  in  the  mole- 
cule of  an  olefine  there  are  two  atoms  of  hydrogen,  and  hence 
that  the  eomjmsition  per  cent,  of  all  the  olefines  is  the  same, 
no  matter  how  different  their  molecular  weights  may  he. 
Olefines  may,  therefore,  he  looked  upon  as  paraffins  from 
which  two  atoms  of  hydrogen  have  been  removed,  and  such 
evidence  as  is  available  tends  to  show  that  this  is  a satisfactory 
view  of  their  constitution.  Moreover,  it  would  seem  that  the 
two  hydrogen  atoms  are  not  to  be  regarded  as  having  been 
removed  from  the  same  carbon  atom,  hut  from  two  different 
atoms,  and  that  these  two  carbon  atoms  are  always  immediately 
neighbouring  ones  in  the  carbon  nucleus.  If  this  latter 
view  is  well  founded,  it  offers  some  explanation  for  the  fact 
that  an  olefine  with  only  a single  carbon  atom  in  its  molecule 
has  never  been  obtained  and  does  not  appear  to  be  capable 
of  existence.  The  formula  for  such  an  olefine  would  be  CH^, 
but  the  lowest  known  member  of  the  olefine  series,  i.e.,  ethy- 
lene, is  represented  by  the  formula  CgH^. 

The  paraffins  have  already  been  described  as  saturated 
comj)ounds  (p.  433).  It  is  obvious  from  what  has  been  stated 
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in  tlie  foregoing  that  tlie  olefines  cannot  be  regarded  as 
saturated  coinj)ounds  in  tlie  sense  there  indicated.  Thus  if 
we  derive  the  formula  for  ethylene,  C^flp  fi’om  that  for 
ethane,  we  should  have 


fl 

1 

H 

1 

H 

1 

11 

1, 

1 

(«)  H— C- 

1 

-C— H 

1 

and  {!>)  H — C— 

1 

-C— H 

11 

11 

representing  ethane  and  ethylene  respectively.  But  in  the 
formula  (6)  the  combining  cajiacity  of  each  of  the  carbon 
atoms  is  represented  as  onl}'  three-fourths  satisfied  by  linkage 
with  other  atoms  whereas  in  the  formula  (a)  it  is  represented 
as  fully  satisfied.  The  olefines  are  thus  “ unsaturated  ” com- 
pounds. It  is  customary  in  writing  the  formulae  for  olefines, 
when  these  formulae  are  extended  so  as  to  represent  each 
carbon  atom  separately,  to  indicate  the  pair  of  carbon  atoms 
whose  combining  capacity  is  supposed  to  be  only  three-fourths 
satisfied,  by  drawing  two  strokes,  or,  occasionally,  by  placing 
two  dots  between  them.  Thus  the  formula  for  ethylene  is 
written 


H>C=C< 


H 

H 


or 


y>C : C< 


H 

H 


which  may  be  contracted  into  M.^C  = CH2  or  H,,C  : CH^ ; and 
in  the  same  way  the  formula  for  propylene,  CgH,,,  may  be 
written 

H H 

I I H 

H— C— C = C<"  or  CH3  CII  : CH^. 

II 


Although  certain  pairs  of  carbon  atoms  are  represented  by 
these  formulae  as  doubly  linked,  the  assumption  that  tliese 
pairs  of  carbon  atoms  are  morejirmhj  linked  to  each  other  than 
iin  the  cases  where  only  single  linkage  is  represented,  seems 
mot  only  to  be  unsujiported  but  rather  to  be  controverted  by 
Ithe  chemical  behaviour  of  the  substances. 

I.someri.sm  in  the  Olefine  Series. — Just  as  there  are  possible 
ivariations  in  the  arrangement  of  the  atoms  present  in  those 
il)araffins  which  contain  four  or  more  carbon  atoms  in  their 
■molecules,  so  in  the  olefines  corresponding  to  these  jiaraflins 
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such  variations  ai'c  also  possible.  If  the  formulaj  for  ethane, 
jiropane,  normal  butane,  and  isobutane  are  considered  with 
regard  to  the  olefines  derivable  from  them,  it  will  be  seen 
that  in  the  cases  of  ethane,  of  propane,  and  of  isobutane,  the 
removal  of  one  atom  of  hydrogen  each  from  any  two  immedi- 
ately neighlmuring  carbon  atoms,  leads  to  the  formula  of  only 
one  olefine  from  each  paraffin,  but  that  in  the  case  of  normal 
butane  two  different  formulae  may  be  arrived  at,  depending  upon 
whicli  hydrogen  atoms  are  sujij)osed  to  be  removed,  thus : 


CH 


I gives 
CIL, 


CH., 


CH,  CH., 

1I_C_CH,  gives  i-CH, ; 

ii-i,  (!h.. 


CH, 

CH, 

CH,  gives  C)H ; 

and 

CH, 

CI-L, 

CH., 

1 

CH, 

CH, 

1 

CH, 

while 

1 gives 

1 

CH, 

1 

CH 

CH, 

dl-Io 

CH., 

i-I 

A-I 

I 

CH, 


'J’here  are  thus  three  possible  variations  of  the  olefine 
formula  C_jHg  derivable  in  the  manner  described  from  the 
two  variations  (p.  434)  of  the  paraffin  formula  C|Hjq.  In 
agreement  with  this  it  is  of  interest  to  note  that  three  ole- 
fines (and  only  three)  have  been  obtained  all  with  molecular 
weight  corresponding  to  the  formula  CjHg.  These  three  are 
commonly  represented  by  the  formulae  given  above.  It  is 
here  unnece.ssary  further  to  discuss  these  olefines,  or  indeed 
any  members  of  the  series  except  ethylene  (p.  462). 

The  view  of  the  constitution  of  olefines  in  accordance  with 
which  they  are  regarded  as  paraffins  from  which  two  atoms 
of  hydrogen  have  been  removed  (p.  448)  gains  support  from 
some  of  the  methods  of  general  applicability  by  which  ole- 
fines are  ordinarily  prepared.  Of  these  methods,  one  may  be 
discussed  here  with  some  detail,  namely,  that  by  the  action 
of  boiling  alcoholic  solution  of  potassium  hydroxide  upon  the 
mono-halogen  derivatives  of  the  paraffins  (C^Han+iX,  where 
X stands  for  Cl,  Br,  or  I).  In  this  interaction  the  jiotassium 
atom  of  the  potassium  hydroxide  unites  with  the  halogen 
atom  of  the  organic  halide  * forming  potassium  halide  (just  as 


* Halide  is  a general  name  sometimes  employed  to  designate  a 
halogen  compound  when  it  is  immaterial  which  halogen  the  compound 
contains.  (Compare  p.  298.) 
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in  the  interactions  of  jiotassium  hydroxide  with  many  metallic 
halides)  but  the  hydroxyl  grouj)  (OH)  of  the  potassium 
hydroxide  does  not  take  the  place  of  the  halogen  atom  (as 
is"  usual  when  potassium  hydroxide  interacts  with  metallic 
halides).  Instead  of  this  the  hydroxyl  group  unites  with  a 
hydrogen  atom  of  the  organic  halide  (supposed  to  be  a 
hydrogen  atom  linked  to  a carbon  atom  immediately  adjoin- 
ing the  one  to  which  the  halogen  atom  was  linked)  to  form 
water,  and  an  olefine  is  produced,  thus  : 

+ KOH  = KX  -F  H,0  + 

That  is  to  say,  boiling  alcoholic  solution  of  potassium  hydroxide 
removes  hydrogen  and  halogen  from  the  organic  halide  in  the 
proportions  in  which  these  unite  to  form  hydrogen  halide  ; 
and  the  products  of  the  action  are,  besides  the  olefine,  the 
same  substances  as  would  be  produced  by  the  interaction  of 
potassium  hydroxide  and  hydrogen  halide  (i.e.,  potassium 
halide  and  water). 

It  is  of  interest  to  note  here  that  the  mono-halogen  deri- 
vatives of  methane  are  exceptional  in  respect  to  their 
behaviour  towards  alcoholic  solution  of  potassium  hydroxide, 
since  potassium  halide  and  methyl  alcohol  are  produced,  by 
the  interaction,  and  no  olefine  : 

CH3X  -f  KOH  = KX  + CH3OH 

'I'liis  excej)tional  behaviour  is  of  importance  as  evidence  in 
favour  of  the  view  that  two  different  carbon  atoms  are  con- 
cerned in  the  condition  of  non-saturation  of  an  olefine  as  com- 
pared with  a ])araffin  (p.  448).  It  is  obvious  that  a molecule 
of  methyl  iodide,  CH^I,  cannot  lose  an  atom  of  iodine  from 
one  carbon  atom  and  an  atom  of  hydrogen  from  another. 

In  virtue  of  their  character  as  “unsaturated”  compounds 
the  olefines  combine  with  two  halogen  atoms,  or  with  a mole- 
cule of  a hydrogen  halide,  to  form  saturated  compounds  of 
the  general  formula’  C„H2„X2  and  C„H2n+,X  respectively. 

(h'currence  of  Olefines  in  Nature. — Certain  olefines  occur, 
mixed  with  paraffins,  in  some  of  the  natural  gases  c’lnd  crude 
petroleums  which  issue  from  the  earth  in  various  parts  of  the 
world. 

Production  of  Olefines  in  the  Drtj  Distillation  of  Coal,  etc. — 
Olefines  are  always  present,  and  aia;  vsduahle  illuminating 
constituents,  in  coal  gas  (p.  337).  'fhe  ordinary  coal  gas 
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sup))ly  of  towns  contains  from  3 to  12  per  cent,  by  volume  of 
olebnes — chiefly  ethylene. 

A larfi;e  number  of  olefines  have  been  prepared.  Ethiilcne, 
C.dl^  ; Propytcm,  C,,H^  ; Bidtflene,  CJdg  ; Amylene,  ; Hexy- 

lene, CgHj.,  ; and  lleptylene,  CAI^,,  are  examples;  and  many 
others  are  well  known. 

Elhylene,  OlcJ'nml  Gas,  lleamj  CarbnrcUed  Hydrogen,  C„H,,. — 
'I’liis  olefine  can  he  obtained  by  the  action  of  boiling  alcoholic 
solution  of  potassium  hydroxide  upon  ethyl  iodide  (p.  459) : 

C.,HJ  + KOH  = K1  + HgO  + 

It  is  usually  prei)arcd,  however,  from  common  (ethyl)  alcohol, 
C.^MjOH,  by  the  action  upon  it,  at  a higli  temperature,  of 
concentrated  sulphuric  acid. 

Ereparalion . — Ethylene  may  he  prepared  by  dropping 
alcohol  into  a large  retort  or  fljisk  containing  10  ounces  of 
sulphuric  acid  and  3 ounces  of  water,  previously  mixed,  and 
heated  to  100-105“  C.  The  liberation  of  the  ethylene  under 
these  conditions  is  supposed  to  he  preceded  by  the  formation 
of  ethyl  hydrogen  sulphate  (sulphovinic  acid),  GjHjHSO^, 
which  undergoes  decomposition  yielding  as  chief  products 
ethylene  and  sulphuric  acid.  'J'he  gas  is  washed  by  passing 
it  first  through  cold  water  and  then  through  a solution  of 
caustic  soda  to  free  it  from  ether,  alcohol,  and  sulphurous 
anhydride. 

C,H,OH  + HgSO^  = CgH.HSO^  + H^O 

Alcohol  Sulphuric  Ethyl  hydrogen  Water 

acid  sulphate 

C.H.HSO^  = CgH,  + H.3SO, 

Ethylene  is  a colourless  gas  which  possesses  a jieculiar, 
although  not  unpleasant  smell.  It  is  almost  insoluble  in 
water  and  is  only  slightly  soluble  in  alcohol.  It  can  he  con- 
densed to  the  liquid  state  at  ordinary  temperatures  by  the 
application  of  a pressure  of  about  GO  atmospheres.  It  burns 
in  air  with  a highly  luminous  flame,  C.^H  j -f-  3O2  = SCOg  + 2H2O. 
Ethylene  combines  directly  with  chlorine,  with  bromine,  and 
with  iodine,  forming  ethylene  chloride,  C„H^Cl2,  ethylene 
bromide,  C2H4Bi-2,  and  ethylene  iodide,  res])ectively. 

The  two  former  are  liejuids  (]ip.  453,  454)  the  latter  is  a crystal- 
line solid.  Ethylene  further  unites  with  hj'drogen  bromide 


OLEFINES 


453 


and  with  hj'drogen  iodide,  forming  ethyl  bromide,  C^M^Br, 
and  ethyl  iodide,  CoH^I  respectively. 

If  the  graphic  formula  for  ethylene  be  assumed  to  be 
H H 

I I (p.  450),  the  formulae  for  ethylene  chloride, 
H~C  = C— H 

bromide,  and  iodide  may  be  written  as  follows  : — 

H H II  H II  II 

II  II  II 

H— C— C— H H— C— C— H H_C— C— II 

II  II  II 

Cl  Cl  Br  Br  II 

Additional  Chemical  Characters  of  Olefines. — Besides  the 
chemical  characters  of  olefines  already  described,  two  others 
depending  upon  their  nature  as  unsaturated  compounds  may 
be  mentioned. 

1.  Olefines  can  be  converted  into  paraffins  by  direct  union 
with  hydrogen.  This  is  effected  by  passing  a mixture  of  the 
olefine  and  hydrogen  through  a tube  packed  with  platinum 
black. 

2.  Olefines  are  absorbed  by  concentrated  sul})huric  acid 
(better  by  sulphuric  acid  in  which  sul])huric  anhydride  is 
dissolved)  with  the  formation  of  compounds  like  ethyl 
hydrogen  sulphate  (j).  452). 

C„H...+  [J>SO,  = ^“^^'‘jH>SO, 


1 hese  compounds  are  of  interest  and  importaiu’c  in 
organic  .synthesis,  for  on  heating  them  with  water  an  alcohol 
is  produced  and  sulj)huric  acid  is  re-formed  : 


hthi/lene  Chloride,  C^H  jCb. — When  etpial  volumes  of  ethy- 
lene and  chlorine  are  mixed  over  water  and  exposed  to  day- 
light,  they  unite  very  readily,  with  the  formation  of  oily 
drops  which  trickle  down  the  sides  of  the  containing  vessel 
and  collect  below  the  water  : 


C2H,,  + Ci2  = C2lI,Cl2 

Kthylene  chloride  is  a colourless  licpiid,  its  odour  resembling 
that  of  chloroform.  It  boils  at  85°(!. 
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Llhijlenc  Bromide,  CoH^Bi-o. — Is  jirepared  by  bubbling 
ethylene  into  bromine  (by  which  it  is  rapidly  absorbed)  until 
the  colour  of  the  bromine  entirely  disappears.  A good  deal 
of  heat  is  given  out  during  the  combination,  and  the  bromine 
must  be  kept  cold  : 

C.^H^  + Br2  = C,^H^Br, 

]‘]rthylene  bromide  is  a colourless  liquid  possessing  a pleasant 
ethereal  smell.  It  boils  at  133°C. 


THE  ACETYLENE  SERIES  OF  HYDRO- 
CARBONS 

Each  mend)er  of  this  series  of  liydrocarbons  differs  from 
tlie  paraflin  with  the  same  number  of  carbon  atoms  in  its 
molecule,  by  containing  four  atoms  of  hydrogen  fewer.  The 
general  formula  for  the  acetylene  series  is  therefore 

'I’he  first  member  of  this  series  is  acetylene,  Other 

members  are  AUijlenc,  ; Crolonijlene,  C^H^;  etc.  Acety- 
lene is  the  only  one  which  will  be  treated  of  here.  The 
following  discus.sion  of  one  of  the  modes  of  formation  of 
acetylene  .should  give  a sufficient  view  of  the  way  in  which 
this  hydrocarbon  is  su])posed  to  be  constituted.  The  change 
which  takes  place  when  the  mono-halogen  derivatives  of  the 
paraflins  (C„H2„+iX)  are  acted  upon  by  a boiling  alcoholic 
solution  of  potassium  hydroxide  has  already  been  stated  on 
p.  451  as  resulting  in  the  removal,  from  each  molecule,  of 
the  halogen  atom  and  a hydrogen  atom.  When  a di-halogeu 
derivative  of  a jjaraffin  (CnH2„X2)  is  subjected  to  the  same 
action  an  exactly  analogous  change  usually  takes  place,  but 
in  such  a case  each  molecule  often  loses  both  halogen  atoms 
and  two  hydrogen  atoms.  Thus  when  ethylene  bromide, 
C2H^Bi'2  (.sc’c  above)  is  employed,  acetylene  is  produced : 

C2H4B1-2  + 2KOH  = 2KBr  + 2II2O  + C.Ha 

The  action  in  this  case  can  be  separated  in  actual  exi)eriment 
into  two  stages : in  the  first,  one  halogen  atom  and  one 
hydrogen  atom  are  removed  ; in  the  second  the  remaining 
halogen  atom  and  another  hydrogen  atom  are  removed. 
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Acelij/eiie,  C.,H^. — ^This  hydrocarbon  is  produced  by  direct 
union  of  the  elements  when  electric  sparks  are  glassed  between 
carbon  terminals  in  an  atmosphere  of  hydrogen.  This 
method  of  production  is  of  great  interest  as  a mode  of  obtain- 
ing an  organic  compound  from  purely  inorganic  materials. 
Acetylene  is  also  produced  in  small  (quantity  in  many  cases 
of  incomplete  combustion  of  substances  containing  carbon  and 
hydrogen.  One  of  the  best  known  instances  of  this  is  its 
formation  in  a Bunsen  burner  when  the  gas  is  kindled  at  the 
gas  inlet  jet  (close  beside  the  air  inlet  holes  at  the  base  of  the 
upright  metal  tube).  Formerly  when  acetylene  was  required 
in  quantity  it  was  obtained  either  from  this  source  by  separ- 
ating it  from  the  other  products  of  the  eombustion,  or  else  by 
the  action  of  boiling  alcoholic  solution  of  potassium  hydroxide 
Q on  ethylene  bromide  as  already  discussed  in  the  preceding 

J paragraph.  It  is  now  prepared  as  a commercial  product  on 
the  large  scale  for  illuminating  purposes,  by  the  action  of 
i|{  water  ujion  calcium  carbide,  CaC.,  : 

i Caq  + 2H20  = Ca(OH)2  + C2H2 

l!  The  solid  earbide  is  simply  treated  with  cold  water,  when  a 
d brisk  effervescence  at  once  takes  place. 

, Acetylene  is  a colourless  gas  possessing  a disagreeable 
odour.  It  burns  in  air  with  an  intensely  luminous  flame  : 

I 2C2H.,  + 502  = 4C02  + 2H20 

' A mixture  of  acetylene  and  oxygen  in  the  proportions 

I’  represented  by  the  above  equation,  explodes  with  extreme 
j violence  on  the  application  of  a light. 

A striking  property  of  aeetylene  (and  one  characteristic 
of  hydrocarbons  in  which  the  group  — C i C — H is  assumed  to 
exist)  is  that  of  combining  to  form  compounds  containing 
copper  or  silver,  and  commonly  called  “ acetylides.”  Thus 
when  acetylene  is  bubbled  into  an  ammoniacal  solution  of 
cuprous  chloride  a reddish-brown  precipitate  is  produced 
of  copper  acetylide,  the  composition  of  which  is  generally 
supposed  to  be  represented  by  the  formula  C2lI„Cu„0.  This 
copper  compound  is  usually  j)reserved  in  a moist  condition, 
because  when  dry  it  is  liable  to  explosive  decomposition  by 
friction  or  by  gentle  heating.  It  may  be  decomj)osed  by  the 
action  of  concentrated  hydrochloric  acid,  or  better  of  potas- 
sium cyanide  solution,  when  acetylene  is  liberatetl. 
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In  accordance  with  its  character  as  an  unsaturated  com- 
pound, acetylene  combines  directly  with  hydrogen  to  form 
ethylene,  which  in  turn  combines  with  hydrogen  to  form 
ethane  (compare  j).  453).  Acetjdene  also  combines  directly 
with  the  halogens  and  with  hydrogen  halides,  fully  saturated 
compounds,  such  as  C^H^lIr,,  etc.,  being  obtained  as  final 
products. 

A highly  important  character  of  acetylene  is  its  converti- 
bility into  benzene.  'I'he  conversion  is  slowly  effected  by 
ex]K)sing  it  for  some  time  to  a high  temperature,  3C,H2  = 
C„H,,  Th  is  cliange  is  a good  example  of  polymerisation,  and 
furtlier,  it  furnislies  an  examjile  of  the  formation  of  an 
“aromatic  ” compound  from  a “fatt}^’'  one. 


Other  Series  of  lli/drocarhoiis. — There  are  other  series  of 
fatty  hydrocarbons  wliose  members  contain  hydrogen  in  still 
smaller  ])roportion  relatively  to  the  carbon  than  is  the  case 
with  the  members  of  the  parafliji,  the  olefine,  and  the  acety- 
lene series  ; but  these  cannot  be  treated  of  here. 


QUESTIONS  AND  EXERCISES 
Wli.'it  is  the  general  formula  for  the  hydrocarbons  of  the  olefine 
series  ? — How  many  olefines  of  the  formula  C4HH  are  known  ? — How  is 
etliylene  prepared  and  what  are  its  properties  ? — How  may  ethylene 
chloride  and  bromide  be  prepared  ? — What  is  the  general  formula  for 
tlie  hydrocarbons  of  the  acetylene  series? — How  is  acetylene  prepared 
and  what  arc  its  chief  properties? — How  may  benzene  be  prepared 
from  acctjdene? 


Halogen  Derivatives  of  the  Paraffins 

'I'he  members  of  the  paraffin  series  of  hydrocarbons  have 
already  been  discussed  as  saturated  comj)ounds,  and  as  such 
they  do  not  unite  with  the  halogens  to  form  halogen-addition 
products,  i.e.,  products  containing  all  the  atoms  of  the  original 
))araffins,  ancl  halogen  atoms  besides.  But  comjiounds  can  be 
obtained  which  may  be  looked  upon  as  paraffins  in  who.se 
molecules  the  place  of  a part  or  of  the  whole  of  the  hydrogen  is 
taken  by  halogen.  Such  compounds,  of  which  several  have 
been  mentioned  already,  are  commonly  called  halogen  deriva- 
tives of  the  paraffins.  It  is  only  necessary  to  mention  hcic 
some  of  the  commoner  methods  for  the  jirejiaration  of  the.se 
derivatives,'and  to  di.scu.ss  .some  of  the  substances  themselves 


HALOGEN  DERIVATIVES  OP  HYDROCARBONS  457 


" which  are  of  the  greatest  theoretical  interest  or  practical 
tj  importance. 

1.  The  hydrogen  of  the  paraffins  (or  in  some  cases  a part  of 
it  at  least)  can  be  displaced  and  chlorine  “substituted”  for 
it  by  treating  the  paraffins  with  chlorine  in  daylight.  This 
, is  called  “ chlorination  ” or  “ chlorine-substitution.”  Bromine, 
under  the  same  conditions,  behaves  similarly  but  somewhat 
\ less  readily  unless  the  action  is  assisted  by  heating.  Iodine, 
i|  on  the  other  hand,  scarcely  acts  in  this  way  at  all.  In  the 
>■  case  of  methane  the  hydrogen  is  removed  and  chlorine  sub- 

; stituted  for  it  in  stages,  with  the  formation  of  four  different 

products,  as  represented  by  the  four  following  equations  : 

I CH^  + C1.,  = HC1  + CH3C1  CH,C1.,  + C1.,  = HC1  + CHC13 

^ CH3CI  + Cl^  = HCl  + CH.Cl,  CHCI3  + Clo  = HCl  + CCl^ 

I I'he  products  (other  than  the  hydrochloric  acid)  of  these 

ti  four  reactions  are  named  as  under  : 

1 

C CH3CI  Mono-chloro-methane  ; or  methyl  chloride. 

I CH.jCl^  Di-chloro-methane  ; or  methylene  chloride. 

> CHCI3  Tri-chloro-methane;  or  methen3d  or  formyl  chloride; 
or  chloroform. 


CCl,  Tetra-chloro  or  perchloro-methane  or  carbon  tetra- 
chloride. 


Starting  from  methane,  however,  more  than  one  of  the 
i above  four  reactions  take  place  to  some  extent  side  by  side  no 
t matter  how  small  the  proportion  is  in  which  the  chlorine  is 
> emplo3'ed  ; so  that  this  is  not  a suitable  method  for  obtaining 
{ pure  intermediate  products. 

2.  Halogen  derivatives  of  the  paraffins  are  produced  when 
i hydrocarbons  of  the  ethylene  and  acetylene  series  combine 
» with  halogens  or  with  hydrogen  halides  to  form  saturated 
9 compounds.  Thus  ethylene  and  acetylene  combine  with 
i bromine  and  with  hvdrobromic  acid  to  form  saturated  com- 
] pounds. 

3.  .Mono-halogen  derivatives  of  the  paraffins  are  prepared 

0 by  the  action  of  the  hydrogen  halides,  or  better,  of  the 

Q j)hosphorus  halides  upon  alcoliols  of  the  general  formula 
^ ; water,  or  an  oxygenated  compound  of  ])hos- 

J phorus  (phos})horous  or  phosphoric  acid,  or  a phosj)honis 

1 oxyhalide)  being  formed  at  the  same  time  : 

,C.,II,„,,()I1  + HX  = H.,0  + C„II X 

3C„H,„,,()H  -1-  l’X3  = Il3l>(),^  + .3(;„H,,„/,X 
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When  the  hydrogen  halides  are  employed  the  reactions 
never  become  complete,  but  a balance  is  eventually  estab- 
lished owing  to  the  tendency  of  the  water  formed  to  interact 
with  the  halogen  derivative,  and  produce  alcohol  and  acid 
again.  When  the  phosphorus  halides  are  employed  other 
reactions  besides  that  represented  by  the  above  equation 
take  place  to  a considerable  extent. 

Methyl  and  ethyl  iodides  are  usually  prepared  by  the 
action  of  phosphorus  tri-iodide  upon  methyl  and  ethyl 
alcohols  respectively  : 

3CM,OH  + PI,j  = I-I3PO.,  + 3CH3I 
3aH50H  -t-  Pig  = PigPOg  + 3C.,Hgl 


It  is  not  necessary  that  the  phosphorus  tri-iodide  should  be 
j)rej)ared  beforehand  and  then  added  to  the  alcohol.  It  is 
suHicient  to  mix  the  alcohol  with  phosphorus  and  then  to  add 
the  iodine  slowly.  Red  phosjdiorus  is  generally  employed. 
'I’he  course  of  the  reaction  may  fairly  be  assumed  to  consist 
in  the  formation,  in  the  first  place,  of  phosjihorus  tri-iodide, 
which  then  interacts  with  the  alcohol  as  rejiresented  above. 
The  methyl  or  ethyl  iodide  is  distilled  away  from  the  phos- 
phorous acid  and  other  products  of  the  reaction,  and  is  further 
purified  by  drying  over  calcium  chloride  and  subsequent 
redistillation. 

Mdlii/I  Chloride,  CHgCl,  and  MeUujl  Bromide,  CHgBr,  are 
gases  at  ordinary  temi)eratures,  but  both  can  easily  be  con- 
densed to  the  liquid  state.  The  former  is  prepared  from  one 
of  the  by-products  of  the  beet-sugar  manufacture,  and  has 
found  sevei’al  industrial  applications. 

Ethyl  Chloride,  CgHgCl,  and  Kthijl  Bromide,  CgH^Br,  are 
liquids  with  low  boiling  points.  The  latter  has  been  em- 
ployed as  an  anaesthetic  in  dentistry.  It  may  be  prepared  by 
gradually  adding  6 parts  of  bromine  to  a mixture  of  6 parts 
of  ethyl  alcohol  and  1 of  amorphous  phosphorus  contained  in 
a flask  fitted  with  an  upright  condenser,  care  being  taken  to 
keep  the  apparatus  cool  ; 


3CgHg()H  -f  PBi-g  = SCgHgBr  -t-  I-I3PO3 

When  all  the  bromine  has  been  added,  the  mixture  is 
poured  into  a retort  and  distilled  over  a water-bath,  the 
resulting  ethyl  bromide  freed  from  excess  of  bromine  by 
washing  with  a small  quantity  of  dilute  caustic  soda  or  potash. 
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then  washed  with  water,  dried  over  ealcium  chloride,  and 
redistilled. 

For  the  preparation  of  ethyl  bromide  on  a large  scale,  De 
Vrij’s  method  is  preferable,  C.^H^HSO^  + KBr  = C.2H.Br + 
KHSO4  {see  Phann.  Journ.,  15th  Feb.  1879),  or  the  same 
method  as  modified  by  Greene  {P.  J.,  12th  July  1879),  by 
Remington  (P.  J.,  29th  May  1880),  or  by  Wolfl'  {P.  J., 
3rd  July  1880). 

Methyl  and  Ethyl  Iodides,  CHgl  and  are  generally 

prepared  by  the  method  already  described  (method  3 ante). 
They  are  both  colourless  liquids  of  peculiar  but  not  unpleasant 
smell.  Methyl  iodide  boils  at  45°  C. ; ethyl  iodide  at  72'3°  C. 
Both  iodides  are  very  largely  employed,  and  are  of  great 
importance,  in  the  synthetic  formation  of  other  organic  com- 
pounds. Instances  of  their  employment  have  already  been 
given  on  pp.  440,  441,  etc.  They  should  be  kept  in  the 
dark,  as  exposure  to  light  promotes  decomposition  with 
separation  of  iodine. 

Chloroform 

Chlorqfonn  or  Trichloromethane  {Chlorofonniim,  B.P.), 
CHCI3.  This  very  important  substance  is  prepared  in 
large  quantity  for  use  as  an  anaesthetic,  as  a solvent,  and 
for  other  purposes.  It  is  prepared  on  the  commercial 
scale,  in  metal  stills,  by  the  action  of  bleaching-powder,  at  a 
temperature  of  about  45°  C.,  on  ordinary  alcohol  which  has 
been  diluted  with  about  16  to  20  times  its  weight  of  water. 
When  the  reaction  has  set  in  no  further  heating  is  necessary, 
as  sufficient  heat  is  given  out  during  its  progress.  A mixture 
of  substances  distils  offj  and,  on  being  condensed  to  the  liquid 
state  the  distillate  separates  into  two  layers.  The  lower 
layer,  which  consists  of  crude  chloroform,  is  separated  from 
the  upper  aqueous  layer,  and  is  ])urified  by  shaking  it  with 
water  and  then  with  pure  sulphuric  acid  (containing  no  trace 
of  nitric  acid),  which  chars  and  removes  hydrocarbons,  etc., 
but  does  not  affect  chloroform.  It  is  freed  from  any  trace  of 
acid  by  agitation  with  lime,  and  from  moisture  by  solid 
calciuni  chloride.  It  is  finally  rectified.  Instead  of  alcohol, 
commercial  acetone  is  now  largely  employed  as  a substitute 
in  the  pre[)aration  of  chloroform,  the  product  being  known 
in  trade  as  “ketone  chloroj’orni,”  The  exact  nature  of  the 
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changes  which  take  place  in  the  prei^aration  of  chloroform 
from  alcoliol  or  acetone  is  not  only  complicated  but  also 
somewhat  obscure. 

Expcrimcnl. — Place  1^  fluid  ounce  of  alcohol  (90  per  cent.) 
and  24  ounces  of  water  in  a retort  or  flask  of  at  least  a quart 
capacity ; add  8 ounces  of  chlorinated  lime  and  4 of  slaked 
lime ; connect  the  vessel  with  a condenser,  and  heat  the 
mixture  until  distillation  commenees,  the  source  of  heat  then 
being  withdrawn.  The  condensed  liquid  should  fall  into  a 
small  flask  containing  water,  at  the  bottom  of  which  about  a 
drachm  of  chloroform  will  slowly  collect. 

Chloroform  is  produced  when  chloral  is  warmed  with 
acjueous  solution  of  potassium  or  of  sodium  hydroxide,  and  for 
the  sake  of  greater  purity  it  is  sometimes  prepared  from 
chloral  in  this  way.  It  is  stated  that  chloroform  is  also 
manufactured  by  the  action  of  chlorine  upon  methyl  chloride 
(comj)are  j).  457). 

Propeiiicx. — I'lie  sp.  gr.  of  pure  chloroform  is  at  least 
I'oOO,  j)erhaps  higher.  It  is  liable  to  slowly  decomjiose  when 
exi)oscd  to  air  and  light;  4CHClg  + SOg  = 4COCI2  + SHgO + 
2C1„.  The  resulting  chlorine  may  be  detected  by  adding 
zinc  iodide  and  starch,  and  the  carbon  oxychloride  (carbonyl 
chloride,  phosgen,  j).  340)  by  means  of  baryta  water  : COCk  + 
213a(()H)2  = BaCOg  + 13aCl., + 2I-I2O.  To  render  chloroform 
stable,  a minute  amount  (1  volume  in  100  or  less)  of  absolute 
alcohol  is  necessary  : hence  the  specific  gravity  of  medicinal 
chloroform  is  about  T490  to  T495.  Chloroform  is  not  de- 
comj)osed  by  the  action  of  sunlight  unless  oxygen  is  present, 
when,  in  the  first  stages  of  the  decomposition,  chlorine  is 
liberated,  and  this,  acting  on  the  alcohol  contained  in  the 
chloroform,  produces  hydrogen  chloride,  which  is  then  found 
instead  of  free  chlorine.  Hence  the  liberation  of  chlorine 
has  been  disputed  by  some  who  have  overlooked  the  presence 
of  alcohol  in  the  chloroform  operated  on.  Chloroform  readily 
and  entirely  volatilizes  at  ordinary  tcm])ei’atures,  having,  to 
the  last  drop,  its  pleasant  characteristic  odour.  It  has  a 
sweetish  taste,  is  lim])id,  colourless,  miscible  in  all  ])ro])ortions 
with  alcohol  and  ether,  and  slightly  soluble  in  water.  It  may 
be  so  frozen  at  low  temperatures  that  any  inqnirities  shall 
remain  in  the  still  fluid  portion  (Pictet).  It  boils  between 
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140°  and  143-6°  F.  (60°  and  62°  C.).  It  burns  with  a sluggish, 
green,  smoky  flame.  It  reduces  Fehling’s  solution.  It 
should  be  neutral  to  test-paper,  indicating  absence  of  acid  ; 
give  no  precipitate  with  solution  of  silver  nitrate,  indicating 
absence  of  ordinary  chlorides  ; remain  colourless  when  heated 
with  caustic  potash,  indicating  absence  of  aldehyde ; and 
when  shaken  w-ith  concentrated  sulphuric  acid  should  give 
no  more  colour  than  is  producible  by  the  absolute  alcohol 
that  is  present,  even  after  the  mixture  has  been  set  aside  for 
half  an  hour,  indicating  absence  of  hydrocarbons,  etc. 
Alcohol  may  be  detected  by  the  iodoform  test,  or  by  shaking 
with  a little  of  the  dye  termed  “ Flofmann’s  violet,”  which  gives 
the  chloroform  a purple  tint  if  alcohol  be  present,  but  affords  no 
colour  with  pure  chloroform.  At  the  temperature  of  melting 
ice,  chloroform  unites  with  water  to  form  a crystalline  com- 
jiound,  CHCI3,  18H,0. 

Chloroform  is  an  important  solvent ; it  dissolves  sulphur, 
phosphorus,  and  iodine,  as  well  as  fats,  resins,  indiarubber, 
alkaloids,  many  alkaloidal  salts,  and  numerous  other  organic 
compounds. 

Chromic  anhydride  acts  on  chloroform,  converting  it  into 
phosgen,  COClg. 

Aqua  Chlorofornii,  B.P.,  the  official  Chloroform  Water,  is 
made  by  shaking  30  minims  of  chloroform  with  25  ounces  of 
distilled  w-ater  till  dissolved. 


Iodoform 

Iodoform  or  Tri-iodomelhane  (lodqfonmim,  B.P.  and  U.S.P.), 
CHIg,  is  analogous  in  constitution  to  chloroform,  the  iodine 
occupying  the  place  of  the  chlorine.  It  is  made  by  mixing- 
together  one  part  of  alcohol,  two  parts  of  crystallized  sodium 
carbonate,  and  ten  pai-ts  of  water;  the  whole  being  heated 
to  about  150°  F.  (65-6°  C.),  and  one  part  of  iodine  gradually 
added  in  small  portions.  When  the  liepiid  becomes  colourless, 
the  iodoform  is  allowed  to  settle.  It  is  then  collected  on  a 
paper  filter,  washed  thoroughly  with  water,  and  dried  between 
filter-])aper.  (I'liis  reaction  forms  a very  delicate  means  of 
testing  for  the  jiresence  of  alcohol.) 

Iodoform  is  now  prepared  on  the  manufacturing  scale  by 
the  electrolysis  of  a solution  in  aipieous  alcohol  of  ])otassium 
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iodide  and  j^otassium  carbonate,  carbonic  anhydride  being 
passed  into  the  solution  from  time  to  time  to  convert  into 
carbonate  the  potassium  hydroxide  formed  during  the  electro- 
lysis. Cliloroform  and  hromoform  may  be  obtained  in  an 
analogous  manner,  potassium  chloride  or  bromide  being  sub- 
stituted for  the  potassium  iodide. 

Iodoform  occurs  as  yellow,  shining,  six-sided  scales.  It  is 
volatile  at  ordinary  temperatures ; almost  insoluble  in  water, 
soluble  in  alcohol  or  ether.  Warmed  with  an  alcoholic 
solution  of  caustic  potash,  potassium  formate  and  iodide  are 
produced,  CH I,  -f  4KOH  = HCOOK  + SKI  + 2H.p  ; and  the 
resulting  Huid,  lieated  witli  a little  nitric  acid,  yields  free 
iodine,  recognisable  by  its  colour  or  by  giving  a blue  reaction 
witli  starch. 


Esters 

The  ])araffins  give  rise  to  many  substitution  derivatives  by 
displacement  of  tlieir  liydrogen  by  compound  acid  radicals, 
d'licse  derivatives  are  now  commonly  designated  by  the 
German  word  “ester.”  * d'he  following,  chiefly  derived  from 
ethane  and  pentane,  are  of  pharmaceutical  interest  : — 

Spirit  of  Nitrous  Ether 

Kllit/l  Nilrile,  Nitrous  FAhcr,  C^H^NOg. — A “spirit,”  pro- 
bably containing  nitrous  etlier,  was  ojie  of  tlie  earliest  known 
medicinal  compounds,  its  discovery  being  generally  ascribed 
to  Raymond  Lully. 

Expcrimenl. — 'fo  a third  of  a test-tubeful  of  alcohol  (90  per 
cent.)  add  about  a tenth  of  its  bulk  of  sulphuric  acid,  rather 
more  of  nitric  acid,  and  some  co2>per  wire  or  turnings,  and 
warm  the  mixture ; as  soon  as  ebullition  commences,  the 
vapour  of  nitrous  ether  (with  other  substances)  is  evolved, 
recognisable  by  its  odour.  A long  bent  tube,  kept  very  cool 
to  serve  as  a condenser,  may  be  adapted  by  means  of  a per- 

* The  name  ester  is  now  used  instead  of  “compound  ether”  or 
“ ethereal  salt”  terms  which  were  formerly  in  general  use.  The  use 
of  the  word  ether  in  strictly  systematic  chemical  nomenclature,  is  now 
confined  to  a different  group  of  organic  compounds  {see  p.  619),  but  in 
popular  language,  and  in  pharmacy,  the  word  is  not  always  confined 
to  this  group. 
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forated  cork  to  the  test-tube,  and  thus  a little  of  the  product 
may  be  condensed  and  collected. 

The  above  process  conducted  on  a larger  scale,  with 
definite  quantities  of  materials,  temperature  regulated  by  a 
thermometer,  and  a well-cooled  condenser,  etc.  (.see  p.  139),  is 
the  official  process  (Kopp’s  process  applied  by  Redwood)  for 
the  preparation  of  a concentrated  solution  of  nitrous  ether, 
etc.,  in  alcohol ; diluted  with  more  alcohol  (90  per  cent.),  the 
product  forms  the  official  spirit  of  nitrous  ether  {Sjnrilns 
JFAhens  Xifrosi,  B.P.)  of  pharmacy. 

Disregarding  the  other  products  formed  besides  ethyl 
nitrite  and  aldehyde,  the  following  equation  probably  repre- 
sents the  chief  decompositions  that  occur  in  the  operation. 
An  important  feature  in  the  reaction  is  the  reduction  of  the 
nitric  to  the  nitrous  radical  : — 

SCgH.OH  + 2HNO3  + H,SO^  -h  Cu 

Alcohol  Nitric  Sulphuric  Copper 

acid  acid 

= 2C.,H,NO.,  + CgH/l  + 4H2O  + CuSO, 

Nitrous  Aldehyde  Water  Cupric 

ether  sulphate 

Properties. — Spirit  of  Nitrous  Ether  is  “a  limpid  liquid 
having  a very  faint  yellowish  tinge,  inflammable,  of  a peculiar 
penetrating  apple-like  odour,  and  a characteristic  taste. 
Sp.  gr.,  0'838  to  0‘842.  It  should  not  effervesce,  or  only 
very  feebly,  when  shaken  with  sodium  bicarbonate  ” (show- 
ing absence  of  appreciable  quantities  of  free  nitrous,  acetic 
or  other  acids).  The  aldehyde  in  it  may  be  detected  by 
the  caustic  potash  test  {see  '‘Aldehyde,  Test  for”  in  Index). 
The  great  tendency  of  aldehyde  to  become  converted  into 
acetic  acid  by  the  absorption  of  oxygen  from  the  air  renders 
Spirit  of  Nitrous  Ether  unstable,  and  jiharmacists  are  obliged 
to  neutralize  such  acid,  generally  by  means  of  potassium 
bicarbonate,  before  adding  it  to  medicines  containing  iodides, 
etc.  1 he  nitrous  radical  may  be  detected  by  adding  a con- 
centrated solution  of  ferrous  sulphate  mixed  with  sulphuric 
acid  to  some  of  the  spirit  of  nitrous  ether,  the  usual  dark 
compound  being  produced. 

(R.P.)  lest  of  slrengHi. — 1 volume  agitated  briskly 
at  intervals  during  five  minutes  in  a brine-charged  nitrometer, 
with  1 volume  of  solution  of  potassium  iodide  and  1 volume  of 
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diluted  sulphuric  acid,  should  yield,  at  the  uormal  temj)era- 
ture  (60°  F.  or  15-5°  C.)  and  pressure  (30  inches  or  760 
milliinctres  of  mercury),  and  when  freshly  ])repared,  at  least 
6},  but  not  more  than  7,  volumes  of  nitric  oxide  gas,  cor- 
responding to  at  least  2^  parts  by  weiglit  of  ethjd  nitrite  in 
100  ])arts  by  weiglit  of  the  Spirit  : and  even  after  it  has  been 
kept  for  some  time,  and  the  vessel  containing  it  has  occasion- 
ally been  opened,  it  should  yield  not  much  less  than  5 times 
its  volume  of  the  gas,  corresponding  to  nearly  2 per  cent,  by 
weight  of  ethyl  nitrite  or  a minimum  of  1|  per  cent. 

'I'he  reaction  which  takes  jilace  in  the  foregoing  test  is  as 
follows 

2C,,H„NO.,  -I-  2KI  + 2ILSO,  =2C  JI„OH  + 2KHSO,  + L -f-2NO. 

For  the  detection  of  methyl  alcohol  in  sjiirit  of  nitrous 
ether,  .see  “ Methylated  Sweet  Sjiirit  of  Nitre,”  p.  484. 

A very  old  variety  of  spirit  of  nitrous  ether,  or  rather  of 
“sweet  s])irit  of  nitre”  {Sjurilus  Ni/.ri  Dulcis.  P.  L.,  1746), 
still  sold  in  Great  Hritain,  is  made  from  rectified  spirit  and 
nitric  acid,  as  ordered  in  the  London  Pharmacopoeias,  except 
that  the  distillation  is  continued  until  the  product  has  a sp. 
gr.  of  0'850.  It  may  contain  little  or  no  ethyl  nitrite,  but 
is  popular  as  a stimulant.  By  “Sweet  Spirit  of  Nitre”  the 
official  Spirit  of  Nitrous  1‘lther  is  now  (B.P.,  1898)  to  be  under- 
stood unless  some  other  variety  is  indicated. 

Pure  FAIujI  Nitrile. — Dr  Leech  states  that  the  physiological 
and  the  theraj)eutic  action  of  “spirit  of  nitrous  ether”  is 
similar  to  that  of  an  alcoholic  solution  of  ethyl  nitrite  of 
similar  nitrous  strength.  4’he  nitrite  was  j)repared  for  Dr 
Leech  in  the  Research  Laboratory  of  the  Pharmaceutical 
Society  of  Great  Britain,  by  Hare’s  process  of  mixing  sodium 
nitrite,  sulphuric  acid,  and  alcohol  at  a low  temperature — but, 
perha])S,  for  the  first  time,  in  a pure  condition.  The  nitrite 
separates  as  a pale  yellow  layer.  It  may  be  washed  rapidly 
with  a little  water  and  dehydrated  with  dry  ])otassium  car- 
bonate. As  ethyl  nitrite  is  decomposed  by  prolonged  contact 
with  water.  Dr  Leech  was  supplied,  according  to  suggestions 
and  exi)eriments  by  the  late  John  William.s,  with  a jnire 
solution  of  it  in  absolute  alcohol  containing  5 per  cent,  of 
glycerin  as  a preservative. 

2NaNO„  + H.,SO,  + 2C  J-L,OII  = 2C,H„NO„  + Na,SO,  +2ILO 

Sodium  Sulpluulc  Alcoliol  Kthyl  Sodium 

nitratn  acid  iiitrito  .sulphaCo 
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Liqour  Ethijl  NUrilis,  B.  P.,  is  made  as  above.  It  should 
contain,  when' fresh,  3 per  cent.,  and  even  when  long  kept 
not  less  than  2|  per  cent.,  by  weight,  of  ethyl  nitrite. 
Sp.  gr.,  0-823  to  8-826.  It  should  yield  7-6  times  its 
volume  of  nitric  oxide,  or  at  least  five-sixths  of  that  quantity. 
It  should  be  dispensed  and  used  from  small  bottles  to  avoid 
loss  by  volatilization  and  to  prevent  absorption  of  moisture 
from  the  air. 

Nitro-compoiimh. — There  are  two  derivatives  of  ethane 
which  possess  the  composition  represented  by  the  formula 
C.,H.NO.,  but  which  differ  very  much  in  properties,  namely, 
ethyl  nitrite,  which  boils  at  63"5°  F.  (17-5°  C.)  and  has  a sp. 
gr.  of  0-900  (at  0°  C. ; water=l;  0 917  to  0 920;  Dunstan 
and  Dymond)  and  nitro-ethane  w-hich  boils  at  about  235°  F. 
(nearly  113°  C.)  and  has  a sp.  gr.  of  T058.  The  official  spirit 
of  nitrous  ether  contains  ethyl  nitrite.  There  are  also  two 
analogous  derivatives  of  methane  (CH^NO^),  namely,  methyl 
nitrite  and  nitro-methane.  The  nitrites  are  easily  decom- 
posed, the  nitro-compounds  are  stable.  Moreover,  the 
reactions  of  the  two  sets  of  compounds  warrant  the  con- 
clusion that  in  the  nitrites  the  methyl  or  ethyl  group  is 
united  to  oxj-gen,  in  the  nitro-compounds  to  the  nitrogen. 
The  nitrites  are,  the  nitro-compounds  are  not,  saponifiable  ; 
on  reduction,  the  nitrogen  of  the  former  does  not,  while  that 
of  the  latter  does,  remain  with  the  radicals,  yielding  amines. 
Possibly  the  nitrites  contain  the  nitrogen  in  the  trivalent 
condition,  while  in  the  nitro-compounds  it  is  quimpiivalent,  as 
represented  by  the  following  formulae  for  the  compounds  just 
mentioned  as  well  as  for  the  two  corresponding  derivatives  of 
pentane,  namely,  amyl  nitrite  and  nitro-pentane  : — 


Methyl  nitrite,  CPI3— () — N = O. 
Ethyl  nitrite,  C.,bT — () — N = (). 


Nitro-methane,  CH3 — 
Nitro-ethane,  C^H^— N^|^j 


Amyl  nitrite,  C-IIn— O— N = ().  Nitro-pentane,  041,,— N^^S! 

^ o 11 

Ethyl  Acetate  or  Acetic  Ether 

Ethyl  Acetate  or  Acetic  Ether  {Mlher  Acclicn.s,  B.P.), 
CH3'C'()-()C3ll3,  or  O3II3C.3II3O.3. — To  a little  dried  sodium 
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acetate,  in  a test-tube,  add  a small  quaiitit}'  of  alcohol  and 
some  sulpluu’ic  acid.  Adapting  a long  bent  tube  in  the  usual 
manner,  heat  the  test-tube  and  so  distil  over  acetic  ether — 
which  ma}’^  be  collected  in  another  test-tube  ke])t  cool  by 
partial  immersion  in  cold  water. 

On  a larger  scale  the  following  pro2)ortions  may  be  used  : 
alcohol  (90  per  cent.)  32|  fluid  parts ; sulphuric  acid,  32| 
fluid  1 )arts  ; sodium  acetate,  40  parts  ; potassium  carbonate, 
freshly  dried,  6 ))arts.  Slowly  add  the  acid  to  the  alcohol, 
kecj)ing  the  licpiid  cool,  and  the  product  being  cold,  add  the 
acetate,  mixing  thoroughlJ^  Distil  forty-five  fluid  ))arts. 
Digc.st  the  distillate  with  tlie  ])otassium  carbonate  for  three 
days  in  a stoppered  bottle.  Separate  the  ethereal  fluid,  and 
again  distil  until  all  but  about  four  fluid  i>arts  have  passed 
over.  Preserve  the  resulting  acetic  ether  in  a well-closed 
bottle  and  in  a eool  ])laee.  It  is  a colourless  liquid  with 
an  agreeable  ethereal  odour.  Sp.  gr.,  O'OOO  to  0’905. 
lloiling-])oiut,  about  1 6G°  F.  (74'4°  C.).  Soluble  in  all  pro- 
])ortions  in  alcohol  (90  ))cr  cent.)  and  in  ether.  One  part,  by 
weight,  dissolves  in  about  10  ])arts  of  water  at  G0°  F.  (15‘5°  C.). 


Flthyl  aceto-acetate,  or  aceto-acetic  ether,  is  of  great  im- 
j)ortance  in  synthetic  chemistry,  as  through  its  means  a 
variety  of  substances  can  be  built  up.  In  constitution  it 
is  the  ethyl  salt  of  aceto-acetic  acid,  and  its  formula  is 
CHg-CO-CHg-COOCgHj.  It  is  prepared  by  acting  on  ethyl 
acetate  with  sodium,  treating  the  product  with  a dilute  acid, 
and  subjecting  the  crude  aceto-acetic  ether  to  fractional 
distillation. 

Amyl  Acetate,  CHg-CO-OCgHn,  or  CgHj^C,Hg(D.— To  a 
small  (piantity  of  amyl  alcohol  (fusel  oil  may  be  used)  in  a 
test-tube  add  some  jiotassium  acetate  and  a few  drops  of 
sulphuric  acid,  and  warm  the  mixture ; the  vapour  of  amyl 
acetate  is  evolved,  recognisable  by  its  odour,  which  resembles 
that  of  the  jargonelle  pear.  If  a condensing  tube  be  attached. 


CJIgOH  + CH  •r'o  nN..  .i-  TT 


Alcoliol 


CHgCO-OCJIg  + NaHSO^  + HgO 


Sodium  liydro-  Water 
gen  sulpliato 


ISUiyl 

acetate 
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tlie  acetate  may  be  distilled  over,  washed  by  agitation  with 
water,  to  free  it  from  alcohol,  and  separated  by  means  of  a 
pipette. 

CHg-COOK  + + H^SO^ 

Potassium  Amyl  Sulphuric 

acetate  alcohol  acid 

= CHg-COOC.Hi^  + KHSO^  + 

Amyl  Acid  potassium  Water 

acetate  sulphate 

Adificial  fniil-cxxcnces. — Amyl  acetate,  prepared  with  the 
jiroper  proportions  of  materials,  as  indicated  by  the  above 
equation,  is  largely  manufactured  for  use  as  a flavouring 
agent  by  confectioners.  Amyl  valerianate,  is 

similarly  used  under  the  name  of  apple-oil.  Ethyl  butyrate, 
closely  resembles  the  odour  and  flavour  of  pine- 
apjile ; ethyl  ccnanthylate,  recalls  green-gage; 

ethyl  pelargonate,  C^H^CgHj-O^,  quince ; ethyl  suberate, 
(C2H.).,CgHj.^O^,  mulberry;  ethyl  sebacate,  (Cofl5).2CjgHjj.O,p 
melon.  By  mixing  such  esters  with  each  other  and  witli 
essential  oils  in  various  proportions,  the  odour  and  flavour 
of  nearly  every  fruit  may  be  imitated. 

Amyl  Nitrite 

Avnjl  XiliilC;  (^Aimjl  Nilrix,  B.B.). — This  may  be 

prepared  b}"  the  direct  action  of  nitric  acid  on  amyl  alcohol, 
the  nitric  acid  being  reduced  to  nitrous  by  a jmrtion  of  the 
alcohol,  valerianic  aldehyde  and  valerianic  acid  also  being 
I)roduced.  The  temperature  must  be  very  carefully  regulated, 
or  the  reaction  may  become  extremely  violent ; indeed,  even 
with  small  (juantities  a violent  explosion  may  occur.  For 
experimental  purposes  it  is  preferable  to  pass  the  nitrous 
gases  generated  by  the  action  of  nitric  acid  on  white  arsenic 
or  on  starch,  into  the  amyl  alcohol  (kept  cool  by  placing  the 
vessel  in  cold  water)  until  the  alcohol  is  saturated.  The 
product  is  shaken  with  an  aqueous  solution  of  potassium 
hydroxide  or  carbonate  to  remove  free  acids,  and  the  oily 
licjuid  is  then  separated  and  distilled.  The  i)ortion  distillinir 
between  205°  and  212°  F.  (9G“  to  100°  C.)  is  amyl  nitrite. 

'I  he  official  amyl  nitrite  is  a yellowish  etliereal  liciuid  ; 
sp.  gr.,  0-870  to  O-880  ; boiling-point,  205°  F.  (90°  C.)  ; 
soluble  in  alcohol,  insoluble  in  water;  converted  by  fused’ 
caustic  potash  into  potassium  valerianate  ; exposed  to  the  air 
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it  yields  amyl  alcohol.  If  of  good  quality  (for  physiological 
purposes,  although  perhaps  not  chemically  pure),  about  YO 
j)cr  cent,  will  distil  between  194°  and  212°  F.  (90°  to  100°  C.), 
the  bulb  of  the  thermometer  being  in  the  vapour  and  not 
touching  the  residual  fluid. 

Tlie  official  and  commercial  varieties  of  “ amjd  nitrite  ” 
are  well  known  to  be  only  “chiefly”  (B.P.)  real  amyl  nitrite. 
The  staff  of  tlie  Research  liUboratory  of  the  Pharmaceutical 
Society  liave  shown  that  tlie  fluid  may  contain  both  alpha- 
amyl  and  beta-amyl  nitrites,  iso-butyl  nitrite,  and  propyl 
nitrite.  These  nitrites  arc,  of  course,  derived  from  the  corre- 
sponding alcohols  (.sec  p.  492)  present  in  the  crude  amyl 
alcohol  of  commerce. 

Nilropculane,  Cr,HjjN()o,  is  similar  to  amyl  nitrite  in 
conqiosition,  but  differs  much  in  jiroperties.  It  is  obtained 
bj'  the  interaction  of  amyl  iodide  and  silver  nitrite.  It  boils 
at  300°  to  320°  F.  (148-8°  to  1G0°  C.). 


QUESTIONS  AND  EXERCISES 

Give  (Icbiils  of  the  production  of  chloroform  from  alcohol. — Give 
two  ways  of  jireparing  iodoform. — Give  the  formulse  and  state  the 
constitution  of  the  various  chlorine  derivatives  of  methane. — How 
is  chloroform  purified? — State  the  characters  of  pure  chloroform. — 
E.xplain  the  official  jirocess  for  the  pi-cparation  of  nitrous  ether. — 
Give  the  properties  of  nitrous  ether  as  compared  with  nitro-ethane. 
— By  what  official  method  is  the  .strenp^th  of  spirit  of  nitrous 
ether  to  be  estimated? — How  is  ethyl  iodide  made? — Mention  the 
systematic  names  of  several  artificial  fruit-essences. — What  is  the 
formula  of  amyl  nitrite,  and  how  is  it  prepared  ? 


THE  BENZENE  SERIES  OF  HYDRO- 
CARBONS 

The  Benzene  or  Aromalic  Seiiex,  C„H2n_n. — This  series  is 
of  great  general  interest.  Just  as  each  consecutive  member 
of  the  paraffin  series  of  hydrocarbons  may  be  regarded  as 
derived  by  the  displacement  of  a hydrogen  atom  of  tlie 
jireceding  member  by  tlie  methyl  (CH.,)  group,  or  of  a 
hydrogen  atom  in  methane  by  a paraffin  radical,  so  the 
consecutive  members  of  the  benzene  series  of  hydrocarbons 
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may  for  convenience  of  study  be  viewed  as  obtained  by  the 
displacement  of  one  or  more  hydrogen  atoms  in  hcnzene  by 
paraffin  radicals  ; as  in  the  following  examples  : — 

Benzene, 

Toluene  or  Methylbenzene,  C7H,  or 

Xylene  or  Dimethylbenzene,  CgHm  or  C|iH4'(CH.,).,. 

Mesitylene  or  Triinethylbenzene,  C9H12  or  CyH.j 

Cyniene  or  Methyl-isopropylbenzene,  C,oH„  or 

The  members  of  the  benzene  series  are  unsaiurated  hydro- 
carbons. A molecule  of  benzene  itself  readily  unites  with 
two,  foul',  or  six  atoms  of  chlorine,  forming  what  are  termed 
addition  compounds,  as  distinguished  from  the  substitution 
compounds,  in  which  the  hydrogen  atoms  in  benzene  are 
actually  substituted  by  chlorine,  bromine,  etc.  The  deriv- 
atives of  benzene  may  more  or  less  readily  be  re-converted 
into  benzene,  a fact  supporting  the  close  structural  or  con- 
stitutional relationship  existing  amongst  them. 

A number  of  well-known  substances  possessing  aromatic 
odours  were  amongst  the  earliest  known  derivatives  of  the 
benzene  series  of  hj'drocarbons,  hence  the  benzene  series  was 
originally  termed  the  aromatic  series  of  organic  compounds. 


Benzene  or  Benzol 

Ben:'i  I'lie,  (commonly  known  as  Benzof)*,  is  obtained 

commercially  from  the  portion  of  coal  tar  boiling  below 
100°  C.  This  distillate  is  partially  purified  by  shaking 
successively  with  sulphuric  acid,  water,  and  caustic  soda,  and 
then  redistilling ; the  ])roduct  still  contains  large  quantities 
of  toluene  and  otlier  impurities.  If  pure  benzene  is  required, 
the  liquid  must  be  cooled  by  means  of  a freezing  mixture, 
when  the  benzene  crystallizes  out,  leaving  some  impurities 
in  solution  ; the  crystals  are  well  drained.  Bromine  is  then 
added  to  the  licjuid  resulting  from  the  melting  of  the  crystals, 
until  a permanent  coloration  results.  The  liquid  is  again 


* iVo<«.— The  student  must  avoid  confusing  coal-tar  hanzme  C II 
with  petroleum  petroleum  ether,  benzolin,  etc.,  {Belrohmm 

Spirit,  B.P.),  which  are  mixtures  of  paraffin  hydrocarbons  of  lower 
boilmg-jioints. 

B^izin  (U.S.P.),  Cr,H,n,  C9H,.,,  and  other  Iiydrocarbons  of  the 
paraffin  series  (of  boiling-point  122-140“  F.),  require  six  times  their 
To.  solution,  whereas  henze.ne.,  C„H„,  dissolves  in 

V.SS  than  its  own  volume.  Specific  gravity  of  henzme.  about  0'8r>0  ; 
ot  henzm  about  0'700. 
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waslied  with  caustic  soda,  and  distilled.  Benzene  boils  at 
81°  C.  It  is  a colourless,  limpid,  highly  refractive  liquid, 
of  sp.  gr.,  0'S99  at  0°  C.  It  is  a valuable  solvent  of 
fats  and  oils,  and  under  the  name  of  “ Benzine  Collas  ” 
was  introduced  by  M.  Collas  in  1848  for  cleansing  puiqioses. 

Benzene  may  be  obtained  from  benzoic  acid  by  heating 
W'ith  lime.  It  is  also  formed  on  passing  acetylene  through 
red-hot  tubes. 

When  acted  on  by  chlorine  and  by  bromine,  in  the  presence 
of  a little  iodine,  benzene  yields  all  derivatives  from  mono- 
cliloro-  and  monobromo-benzene  (C, .14^^01  and  C,.HjBr)  to 
hexachloro-  and  Iiexabi’omo-benzene  (C^Cl^  and  CgBrJ. 
Benzene  also  forms  iodine  and  fluorine  derivatives,  nitro- 
(lerivatives,  etc. 

Benzol,  B.P.,  “a  mixture  of  Iiomologous  hydrocarbons 
obtained  from  light  coal-tar  oil,”  contains  about  70  jier  cent, 
of  benzene. 

Nilrohenzene  (nitrobenzol,  artificial  oil  of  bitter  almonds, 
or  essence  of  mirbanc),  CqIIjjNO^,  is  obtained  by  slowly 
mixing  fuming  nitric  acid,  or  a mixture  of  nitric  and 
sulphuric  acids,  with  benzene,  the  vessel  being  kept  cool 
by  immersion  in  water.  It  is  a yellow  licjuid,  heavier  than 
water,  having  a strong  odour  resembling  that  of  oil  of  bitter 
almonds.  When  acted  on  by  a powerful  reducing  mixture 
such  as  iron  and  acetic  acid,  or  tin  and  hydrochloric  acid 
(yielding  nascent  hydrogen),  it  is  converted  into  aniline. 

Aniline  or  Pheni/lamine,  CyH^NH^.* — Mix  1.3  parts  of  iron 
filings,  7 or  8 of  ordinary  acetic  acid,  and  13  of  nitrobenzene, 
in  a large  flask  (with  an  upright  condenser)  placed  on  a 
water-bath,  and,  after  the  mixture  has  digested  for  several 
hours,  pour  off  the  supernatant  liquid  from  the  deposit  of 
iron  filings,  and  distil  in  a current  of  steam.  By  this 
method  the  nitrobenzene  yields,  first,  aniline,  distilled  ovci 
as  a yellow  oil,  and  afterwards  a red  oil,  which  is  a 

* Aniline  may  be  obtained  from  indigo,  lienee  its  name,  a7iU  being 
Portuguese  for  indigo. 
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mixture  of  azobenzene,  C^H^’N  = N C(,lIr,,  hj'drazobenzene, 

Co»c 

and  azoxybenzene, 

0 j 0 0’  J r<  u 

Aniline,  (mixed  with  toluidine,  C^HyNH.,),  when 

oxidized  by  arsenic  acid,  or  chlorinated  lime,  produces  rosani- 
liiie,  C.,qHj(,N3,  whose  salts  and  derivatives  form  a number  of 
the  well-known  aniline  colours. 

Constitution  of  Amines. — Amines  are  usually  regarded  as 
derivatives  of  ammonia,  one,  two,  or  three  atoms  of  hydrogen 
being  replaced  by  one,  two,  or  three  univalent  organic 
radicals,  or  equivalents  of  radicals  of  higher  quantivalence. 
'file  products  are  called  primary,  secondary,  and  tertiary 
amines.  The  class  includes  certain  alkaloids. 

Amides  result  when  NH.,  displaces  OH  of  the  COOH 
group  in  acids.  Acetic  acid  is  CH^’CO'OH  ; hence  acetamide 
is  CHg’CO'NH^.  Aniline  boiled  with  glacial  acetic  acid 
yields  phemjl-acetamide,  or  acetanilide  (^Acetanilidum,  B.P.)  or 
“ antifebrin,”  CgHj'NH’C.jHgO.  Acetanilide  is  a febrifuge  and 
a rival  of  “ antipprin,”  phemil-dimetlujl-isoptjrazolone,  or  phena- 
zone  {Phenazonum,  B.P.),  or  Cj.H5(CH3).,C3HN.,0, 

prepared  by  the  interaction  of  phenylhydrazine  or 
aniline  and  aceto  - acetic  ether.  Monobrom  - acetanilide, 
C,.H^Br-NH-C2H30,  is  a sedative  and  febrifuge.  Phenacetin 
(^Ptienacetinnm,  B.P.)  or  para-acetphenetidin,  CyH^-OC„Hjj-NH’ 
C._,H30,  is  another  febrifuge.  Phenocoll  is  amido-acet- 
phenetidin,  C^H  j'OC^Hg’NHCOCH^NH^.  Dulcin,  NH^CONH' 
ov para-plienelol-carbamide  IS  a substance  possess- 
ing an  exceedingly  sweet  taste,  and  has  been  proposed  for 
use,  like  saccharin,  in  place  of  sugar. 

Acetanilide  occurs  in  “colourless,  inodorous,  glistening, 
lamellar  crystals,  having  a slightly  pungent  taste.  Melting- 
point,  when  dry,  23G'5°  F.  (113-5“  C.).  It  is  soluble  in  200 
parts  of  cold  or  18  parts  of  boiling  water,  and  in  4 parts  of 
alcohol  (90  per  cent.),  freely  soluble  in  ether,  benzol,  and 
chloroform.  On  boiling  with  test-solution  of  ferric  chloride 
a reddish-brown  colour  is  produced,  and  this  is  almost 
entirely  discharged  by  lujdrochloric  acid.  If  acetanilide  be 
heated  with  .mlution  of  pota.ssium  hydroxide  until  the  odour 
of  aniline  is  given  off,  and  the  liejuid  be  then  warmed  with  a 
few  drops  of  chloroform,  the  unpleasant  and  penetrating 
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odour  of  plienyl-isonitrile  (isocyanide)  is  developed ; and  an 
aqueous  solution  mixed  with  solution  of  bromine  gives  a 
yellowish-white  precipitate  (distinctions  from  phenacetin). 
Heated  with  free  access  of  air,  it  burns,  leaving  no  residue. 
With  sulphuric  acid  or  with  cold  nitric  acid  it  forms  a colour- 
less solution,  A cold  saturated  aqueous  solution  does  not 
affect  solution  of  litmus  (absence  of  free  acid)  and  is  not  affected 
by  test  solution  of  ferric  chloride  (absence  of  acetone,  phena- 
zone,  and  salts  of  aniline).” 

Toluene,  or  Metlnjl-bensene  (commercially  known  as  'Toluol), 
CyHj|CH3,  forms  the  principal  j)ortion  of  the  coal-tar  distillate 
boiling  between  100“-120°  C. ; it  may  be  made  synthetically 
by  acting  with  sodium  on  a mixture  of  monochlorobenzene 
and  methyl  iodide. 

qiH^Cl  + CH.,I  + 2Na  = CoH^CHg  + Nal  + NaCl. 

It  is  also  obtained  by  the  dry  distillation  of  tolu  balsam.  It 
is  an  inflammable,  highly  refractive  liquid,  boiling  at  111°  C. 
It  may  be  directly  oxidized  to  benzoic  acid. 

+ 3O3  = 2C3II3COOH  + 2H3O. 

Having  both  a jdienyl  (C^Hj)  and  a methyl  (CHg)  group 
in  its  molecule,  it  forms  two  sets  of  isomeric  derivatives : 
one  {a)  in  which,  by  acting  on  toluene  in  the  cold,  the  atoms 
of  hydrogen  are  displaced  in  the  phenyl  group,  and  the  other 
{!))  in  wliich,  by  acting  on  boiling  toluene,  the  atoms  of 
hydrogen  in  the  methyl  group  are  displaced. 

[ Monochlorotoluene,  CoH^CbCHn. 
a\  Dichlorotoluene,  C„Ii..,Cl2'CH.,. 

(Trichlorotoluenc,  C„HoCl3  ■CH... 

( Benzyl  cliloride,  CoHj  •CILCl. 

ti\  Benzylidene  chloinde,  CoH^'CHCh. 

( Benzotrichloride,  C0H5  •CCf,. 

Benzylidene  chloride,  Cj.Hr/CHClg,  when  acted  on  by 
glacial  acetic  acid  and  zinc  chloride  and  water,  yields  benz- 
aldehyde,  C|.HgCOH  (Jacobsen).  By  acting  on  benzotii- 
chloride,  CgHj-CClg,  with  water  in  sealed  tubes,  benzoic  acid 
results. 

CgHgCClg  + 2H2O  = CgHgCOOH  + 3HC1. 

Cpmene,  CjoHi.,,  para-metbyl-isopropylbenzene, 

C,H,(CH3)(C3lL) 
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occurs  in  several  volatile  oils,  and  is  readily  obtained  by  the 
removal  of  hji’drogen  from  tlie  terpenes  (CjqHj,.)  of  those  oils. 

/\ 

Constitution  of  the  Benzene  Seiiies. 

\/ 


The  facts  that  benzene  forms  three  addition  compounds 
witli  chlorine,  C^HgCl.,,  C^HgCl^  and  CjjHgClj;,  one  molecule 
uniting  with  not  more  than  six  atoms  of  chlorine,  and  that  it 
affords  no  isomeric  monosubstitution  derivatives  (but  only 
one  toluene,  C^HjCHg,  one  benzoic  acid,  CgHr,COOH,  etc.), 
led  Kekule  to^  represent  benzene  by  the  following  figure  («), 
in  which  each  carbon  atom  is  assumed  to  be  three-fourths 
linked  to  adjacent  carbon  atoms  and  one-fourth  linked  to 
hydrogen  (the  benzene  ring)  : — 

Fig.  a.  Fig.  h.  Fig.  c. 


H 

C 

1 1 C C H 

I II 

H C C II 

c 

H 

Benzene 


HCl 


HCl 

Benzene  hexachloride 


In  a monosul>slitulwn  derivalwe  such  as  chlorobenzene, 
no  matter  wdiere  the  chlorine  atom  is  represented, 
it  always  bears  the  same  relation  to  the  benzene  nucleus  ; 
hence  tliere  can  be  only  one  varicly  of  such  a derivative.  Tlie 
experimental  evidence  of  tlie  truth  of  this  inference  is  as 
follows.  Displace  H in  benzene  by  a radical,  X,  and  obtain 
C,.Hj,X.  In  tlie  latter  disjilace  H by  Y and  obtain  C,.MjXY. 
Now  displace  X by  11  and  obtain  C,.H5Y.  Lastly  displace 
Y by  X and  obtain  C,jH,,X.  The  first  C,,II,,X  and  tlie  second 
identical  in  jiroperties,  yet  presumably  the  X in 
the  latter  is  in  a different  position  from  that  in  the  former  ; 
whence  we  conclude  that  actual  position  matters  nothing  if 
relative  position  is  unchanged.  Such  hydrocarbons  are 
■•iynimelrical.  Such  mono  - X compounds  arc  nn.synnnclricol. 
further  displacement  of  II  by  X in  C,.HjX  results  in  more 
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Ihnn  one  mneh/  of  C^II|XX.  In  dichlovobenzeiie,  C,.H^C1.„ 
the  atoms  of  chlorine  may  (representing  benzene,  for  the 
moment,  by  a Iiexagonal  figure  (/>),  and  assuming  that  the 
carbon  atoms  are  at  tlie  angles)  be  j^hveed  either  at  1 and  2, 
1 and  3,  or  1 and  4,  the  chlorine  atoms  being  linked  to 
carbon  atoms  which  are  adjacent  to  each  other  in  the  ben- 
zene nucleus  (ortho-position) ; separated  from  each  other  by 
one  intervening  carbon  atom  (meta-position)  ; or  separated 
from  each  other  by  two  intervening  carbon  atoms  (para- 
position).  So  with  other  di-derivativex.  In  trichlorobenzene, 
C,.I  I,,Cl.j,  the  atoms  of  chlorine  ma}'  be  placed  at  1,  2,  and  3 ; 
1,  2,  and  4 ; or  1,  3,  and  5 ; 1,  2,  and  4 being  the  same  as  1,  3, 
and  4 ; 1,  2,  and  3,  the  same  as  1,  G,  and  5,  etc.  ; that  is  to 
say,  the  chlorine  atoms  must  all  three  be  linked  to  adjacent 
carbon  atom.s,  or  two  may  be  linked  to  adjacent  carbon  atoms 
while  one  is  linked  to  a carbon  atom  sej)arated  from  these 
by  ;in  intervening  carbon  atom,  or  all  three  may  be  linked 
to  carbon  atoms  which  are  separated  from  one  another 
by  intervening  carbon  atoms.  So  with  other  Iri-derivalwex. 
lienee,  theoretically,  there  can  only  be  three  isomeric 
dichlorobenzenes  and  three  trichlorobenzenes,  and  this 
has  been  verified  by  experiment.  For  other  illustrations, 
xee  j)]),  505,  506. 

Benzene  fiddilion  compoiindx. — The  double  linkages  repre- 
sented in  the  formula  for  benzene  (fig.  a),  may  be  compared 
with  those  in  the  formula'  for  olefines.  As  in  the  case  of 
the  olefines  they  indicate  a condition  of  non-saturation  and 
the  capacity  for  forming  addition  comiiounds.  It  has  been 
stated  already  (p.  469)  that  benzene  can  unite  directly  with 
two,  four,  or  six  atoms  of  chlorine  : the  product  in  the  last 
case  is  benzene  hexachloride,  C(.H,jClu  (fig.  c).  Other  addition 
compounds  can  also  be  obtained,  such  as  hexahydrobenzene, 
which  is  formed  when  benzene  is  heated  for  some  time 
at  a temperature  of  260°  C.  with  hydriodic  acid. 

Other  Series  of  Hydrocarbons 

/\/\ 

The  Naphlhalene  Series,  C„H2n_io.  | 

\s/\/ 

Naphllia/ene,  {Naphialinnm,  U.S.I’.)  is  the  chief 

member.  It  is  a white  ci^stalline  substance,  existing  in 
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coal  tar.  By  oxidation  it  yields  phthalic  acid,  Cj.H^(COOH),„ 
the  anhydride  of  wliich,  CgH^(C0).20,  fused  with  phenol, 
forms  Phcnolphlhalein,  B.P.,  used  as  an  alkalimetric  indicator. 
With  other  phenols  various  coloured  compounds  are  pro- 
duced ; for  example,  with  resorcinol  fluorescein,  which,  treated 
with  bromine,  gives  eosin.  These  compounds  are  termed 
phthaleins.  Naphthalene  is  employed  for  increasing  the 
luminosity  of  coal  gas.  Of  the  two  napldlujl  alcohols,  a and  /3 
naphlhols  or  monoxijnaphthalenes,  CjqH^(OH),  (i-naphlhot  is  a 
powerful  antisej)tic,  official  in  Britain  and  included  in  the 
United  States  Pharmacopoeia  (Naphlhol,  B.P.  and  Naj)htol, 
U.S.P.). 


The  Anthracene  Series,  C„H2„_i8. 


/CH. 


Anthracene, 


or  C„H 


CH 


CoH^ 


is  the  only  note- 


worthy member  of  this  series,  its  importance  being  due  to 
the  fact  that  artificial  madder,  or  alizarin,  is  formed  from  it  by 
the  following  reactions  : — Anthracene  is  first  converted  into 

CO 

anthraquinone,  Cj^HgO^  or  CyH^<^^>CgH^,  by  oxidation. 

By  acting  on  antlira(juinone  with  fuming  sulphuric  acid,  it 
is  easily  converted  into  a derivative,  whicli  yields  potassium 
alizarate  when  fused  with  caustic  potash. 

Chrtjsophanic  acid  and  the  aloins  are  related  to  anthra- 
(juinone ; chrysophanic  acid  being  a dihydroxy-derivative  of 
methylanthracphnone,  and  tlie  aloins  yielding  on  oxidation 
aloxantliin  or  tetrahydroxy-methylanthraquinone. 


Chrysophanic  Acid 

This  yellow  acid,  Cj.H^oO^or  C„H2(OH)2<^^VCgH3CI  l3, 

is  found  in  various  species  of  rhubarb-root  {Rhei  Radix,  B.P.) 
and,  under  the  name  of  parietinic  acid,  in  various  common 
yellow  licliens.  ^ Kubly  and  also  Dragendorff  consider  that 
the  chiysophanic  acid  of  rhubarb  is  only  j)roduccd  when  a 
glucoside,  chrysophan,  is  acted  on  by  a ferment  in  tlie  presence 
of  water.  1 he  formation  of  chrysophanic  acid  is  ])robably,  in 
most  if  not  in  all  cases,  preceded  by  the  occurrence  of 
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chri/sophmi,  or  ;m  allied  substance.  Tlie  author  obtained  it 
from  araroba. 

Chrysophanic  acid  may  be  obtained  in  crystals  of  a 
golden-yellow  colour,  hence  the  name  (from  chrusos, 

gold,  and  </)au'w,  j)/uiind,  I shine).  Its  synonyms  are  Rhajmi- 
liciii,  Rhcic  acid,  Rheumm,  Rhii barbaric  acid,  Rliubarbaria,  Rmnicin. 
Hy  tlie  reducing  action  of  hydriodic  acid  it  yields  chrysarobin. 
Clirysopbanic  acid,  actual  or  potential,  black  and  red-brown 
resins  (^A porelin , Rlucordin'),  Eviodin,  Rhein,  iind  a tannoglucoside 
are  considered  to  be  tlie  conjoint  source  of  the  therapeutic 
properties  of  rhubarb.  Icrplhrorelin  is  merely  a mixture  of 
clirysoj)hanic  acid,  emodin,  and  rhein.  Chiysophanic  acid 
.and  emodin  {see  below)  are  respectively  di-  and  tri-oxy- 
methylantlnauiuinonc.  Rhein  Hesse;  C^r.HgO,;, 

Tschirscli  and  Heuberger)  was  regarded  by  Hesse  as  tetra- 
oxymethylanthra(iuinone,  but  appears  to  conform  rather  to 
the  second  formula  given  above.  Chrysophanic  acid  may  also 
be  obtained  from  several  species  of  Rninex  or  dock.  “ llumi- 
cin  ” is  a pre])aration  of  yellow  dock.  Cascara.  Sagrada,  or 
Sacred  Hark  {Cascara  Sagrada,  11. P.),  according  to  Limousin, 
contains  clirysopbanic  acid,  a glucoside  (?),  and  a ferment, 
various  resins  being  also  .said  to  be  jiresent. 

Emodin,  C|r,Hj^Oj,  .as  indicated  above,  is  closely  related  to 
chrysoiihanic  acid.  It  is  obtained  along  with  chrysoph.anic 
acid  in  the  jireparation  of  the  latter  from  rhubarb.  It  .also 
occurs  in  black  alder  bark,  .according  to  Liebermann  and 
Waldstcin.  It  is  said  to  be  derived,  together  with  glucose. 
Worn  J'rangitUn,  C^jILoOg)  f^e  glucoside  of  the  dried  bark. 


Chrysarobin 

This  compound  occurs  in  araroba  {Araroba,  B.P.),  a 
substance  found  in  cavities  in  the  trunk  of  a leguminous 
tree  {Aiidira  araroba^.  Araroba  is  also  known  as  (loa 
Powder,  Bahia  Powder,  Brazil  Powder,  and  Ringworm 
Powder.  Chrysarobin  {Chri/xarobinian,  B.P.),  CjjHj^Og  or 
/C(()H). 

CH. (OH),<(  I NCj.HgCHg,  is '"obtained  from  vVraroba 

" ""  “ \CH—  / 

by  extracting  with  hot  chloroform,  evajior.ating  to  dr^mess, 
and  powdering.”  By  aeri.al  oxidation  in  alkaline  solution  it 
is  converted  into  chrysophanic  acid. 
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Aloins 

Aloins. — The  aloes  of  pharmacy  (^Aloe  Barbadenais,  B.P.,  and 
Aloe  Socotrina,  B.P.)  is  an  evaporated  juice,  doubtless  much 
altered  by  the  temperature  to  which  it  is  subjected.  It  con- 
tains a yellow  crystalline  substance,  Aloinum,  B.P.,  perhaps 
slightly  varying  chemically,  but  not  medicinally,  as  derived 
from  the  respective  species  of  aloes.  Aloin  is  not  very  soluble 
in  cold  water  or  alcohol,  but  readily  soluble  in  these  fluids  on 
heating.  Dissolved  in  alkalies  it  rapidly  absorbs  oxygen,  but 
it  is  not  readily  altered  in  neutral  or  acid  solutions. 

Aloin  may  readily  be  obtained  from  either  kind  of  aloes 
by  warming  the  latter  with  three  or  four  times  its  weight  of 
amyl  alcohol ; ]iouring  off  the  solution ; allowing  it  to  stand 
for  a few  hours  to  crystallize ; and  washing  the  deposited 
aloin  with  ether  or  carbon  bisulphide  to  remove  resinous 
matters. 

Bnrbahin. — This  substance,  first  obtained  by  T.  and  H. 
Smith,  occurs  in  minute  crystals  in  Barbadoes  aloes.  It 
yields  substitution  compounds  when  acted  on  by  bromine 
and  chlorine.  Boiled  for  some  time  with  concentrated  nitric 
acid,  barbaloin  gives,  together  with  oxalic  and  picric  acids,  a 
yellow  substance,  chrysammic  acid,  which  furnishes  beautiful 
red  salts  (lilden).  Anthracene,  has  been  obtained 

by  the  reduction  of  barbaloin. 

Ixobarbaloin,  (Leger),  accompanies  barbaloin  in 

Barbadoes,  Curasao,  and  .Jafferabad  aloes.  By  oxidation  with 
nitric  acid  it  yields  a substance  apparently  identical  with 
chrysammic  acid.  It  is  much  more  easily  oxidized  than 
barbaloin,  and  with  cold  concentrated  nitric  acid  it  gives  the 
red  coloration  (Klunge’s  reaction)  hitherto  attributed  to 
barbaloin. 

Nalaloin. — This  substance  was  discovered  by  Fliicki<Ter  in 
Natal  aloes.  It  crystallizes  readily  in  rectangular  plates, 
cither  from  alcohol  or  from  water.  No  bromine  or  chlorine 
substitution  derivatives  have  yet  been  formed,  but  an  acetyl 
compound  has  been  analysed  ('I'ilden).  Nalaloin  moistened 
witli  nitric  acid  gives  a red  coloration  which  does  not  fade. 
VV  hen  boiled  witli  nitric  acid  it  yields  no  chrysammic  acid, 
but  only  oxalic  and  picric  acids. 

I [omonataloin,  occurs  along  witli  nataloiii  in 

atal  aloes.  According  to  Leger  it  is  a lower  hornologue  of 
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nataloin,  from  which  it  can  be  separated  by  fractional 
crystallization  from  methyl  alcohol. 

Suca/oin  or  Zannioiv. — Histed  and  Fliickiger  have  shown 
that  Socotrine  or  Zanzibar  aloes  yields  an  aloin  distinet  from 
those  just  described.  It  forms  tufted  acicular  prisms.  Nitric 
acid  scarcely  alters  the  colour  of  socaloin.  Neither  socaloin  nor 
barbaloin  affords  any  colour  when  vapour  from  a glass  rod 
moistened  with  nitrie  aeid  is  allowed  to  come  into  contact 
with  a drop  of  concentrated  sulphuric  acid  containing  a 
minute  fragment  of  the  aloiiij  while  nataloin  gives  rise  to  a 
blue  coloration. 

Iv  von  Sommaruga  and  Egger  (“  Fharmacographia  ”) 
arrived  at  the  conclusion  that  the  aloins  form  an  homologous 
serie.s,  and  that  they  have  the  com])osition  indicated  in  the 
following  formuhe  : Socaloin,  Nataloin,  Cj,.HjgOH ; 

Harbaloin,  Cj-1  l.j^C).^.  'J'ilden’s  subsequent  experiments  indi- 
cate, however,  that  barbaloin  and  socaloin  are  isomeric  in  the 
aidiydrous  stale,  but  that  .socaloin  and  its  derivatives  in  the 
hydrous  condition  contain  more  water  of  crystallization  than 
barbaloin.  Nataloin  is  less  soluble  than  the  other  aloins. 
Its  formula,  according  to  Leger,  is  C.^slFcPio- 
yield  cither  chrysammic  acid  or  chloro-  or  bromo-derivatives. 
According  to  Groenewold  the  formula  for  the  aloin  from  the 
aloes  of  liarbadoes  and  Cura^-ao  is  CmHjyOp  and  that  from 
Natal  aloes  C.,,|I  'i’he  formula  officially  accepted  for 

Barbaloin  is  311^0,  but  Leger  (1903)  gives  it  the 

formula  G„]IL„(),,. 

QUESTIONS  AND  EXERCISES 

Wliat  is  tlic  formula  of  benzene  ? How  is  benzene  artifieially  anti 
commerciiilly  prepared  ?—Con.struct  an  equation  exj)l!inatory  of  the 
produetion  of  aniline. — What  is  the  relation  between  toluene  and 
benzole  acid?— Give  the  formulae  of  naphthalene  and  anthracene. — 
Explain  by  equations  the  production  of  alizarin  or  artificial  madder.— 
Mention  the  colouring  principle  of  rhubarb. — To  what  is  rhubarb  con- 
sidered to  owe  its  medicinal  activity  ?— Give  tests  for  distinguishing 
the  aloins. 


The  student  is  referred  to  the  accompanying  table  for  a 
general  view  of  the  relations  of  four  series  of  hydrocarbons 
(the  ])araflin,  benzene,  naj)hthalene,  and  anthracene  series)  to 
each  other.  Three  members  of  the  paraffin  series  are  shown. 


TABLE  OF  SHORT  DIRECTIONS  FOR  APPLYING  SOME  OF  THE  FOREGOING  ANALYTICAL  REACTIONS  TO  THE  ANALYSIS  OF  AN  AQUEOUS  OR  ONLY  SLIGHTLY 

ACID  SOLUTION  OF  ORDINARY  SALTS  OF  ANY  OP  THE  METALS  OF  GENERAL  INTEREST. 

Add  hydrochloric  acid. 


Pi'ecipitAte 
Hg(ous)  Pb  Ag 
W’asb,  boil  with  water,  filter. 


Residue 
Hg(ous)  Ag 
Wash,  add  NH^OH. 


Res. 

Hg 

(ous) 

black 


Filtrate 

Ag 

Add 
HNO3. 
■White  ppt. 


Filtrate 

Pb 

Add 

White  ppt. 


Filtrate 

Cd  Cu  Hg(ic)  Pb  Bi  As(ous)(ic)  Sb  Sn(ous)(ic)  Zii  5[n  Co  Ni  A1  Fe(ous)(ic)  Cr 

Pass  HgS  through  the  liquid,  filter. 


Ba  Sr  Ca  Mg  Li  K Na  Ntl, 


Precipitate 

Cd  Cu  Hg(ic)  Pb  Bi  As  Sb  Su 
Collect,  wash,  digest  witli  and  S,  filter. 


Precipitate 
Cd  Cu  Hg(ic)  Pb  Bi 
Wash,  boil  iu  HNOo,  filter. 


Sec  also  p.  278. 


Residue 
Hg 
(ic) 
Black. 
Confirm 
by  Cu 
test  in 
original 
solution. 


Filtrate 
Cd  Cu  Pb  Bi 
Add  NH^OH,  filter. 


Precipitate 
Pb  Bi 

Wash,  add  a few 
drops  HNO.^,  di- 
lute, filter. 


Ppt. 

Bi 

White. 
See 
also 
pp.  279 
and  2S0. 


Filt. 
Pb 
Add 
HoSO., 
set  aside; 
white 
ppt. 
See 

footnote 
to  p.  270. 


Filtrate 
Cd  Cu 

Add  KCy  and 
H.,S. 


Filtrate 
As  Sb  Sn 

Add  dilute  HCl,  filter,  drain  well,  add 
concentrated  HCl,  boil,  dilute  slightly, 
filter. 


Residue 

As 

Yellow. 
Confirm 
by  Fleit- 
mann’s 
test. 


Ppt. 

Cd 

Yellow', 


Filt. 

Cu 

Acidify 

with 

HC2H.3O, 

Brown 

ppt. 


Filtrate 
Sn  Sb 

Pour  into  H-apparatus. 


Sn 

remains  on  Zn. 

Dissolve  in 
HCl,  and  apply 
tests. 

See  also  p.  279. 


Sb 

escapes  as 
SbHv 
Test  as 
usual. 


Au  and  Pt  are  specially  sought  when 
necessaiy. 


Precipitate 

Zn  Mn  Co  Ni  A1  Fb  Cr 
Collect,  w'ash,  dissolve  in  HCl,  with  a few  drops  of  nNO-,,  boil, 
add  NH4OH,  stir,  filter. 


Precipitate* 

Fe  A1  Cr 

Wash,  dry,  fuse  on  Pt.  foil 

with  NaoCOa  and  KNO3, 
- boil  in  water,  and  filter. 

Residue 

Filtrate 

Fe.,0, 

If  yellow,  Cr 

brown. 

present. 

Test 

Divide  into  two 

original 

solution 

parts. 

for 

ferrous 
or  ferric 
state. 


Sol. 

A1 

Add 

excess 

of 

NH^Cl 
and 
boil  oft' 
NH„. 
Whi’ie 
ppt. 


Sol. 

Cr 

Add 

HC2H3O2 
and  excess 
of 

AgNOa ; 
red  ppt. 
Or  boil 
with 

H2SO4 

and  alcohol. 
Green  sol. 


Sec  also  p.  280. 

* Test  this  also  for  Mn  by 
Crum’s  process,  p.  151. 


Filtrate 

Zn  Mn  Co  Ni  A1  Fe  Cr  Ba  Sr  Ca  Mg  Li  K Na  NH^ 
Add  NH^Cl,  NH^OH,  and  NH^SH,  warm  gently,  and  filter. 


Filtrate 

Zi 

Mn  Co  Ni 

Acidify  \ 

ith  HC0H3O2,  pass 
I„S,  filter. 

Sol. 

l^ru 

Add 

NH^OH 

and 

NH*SH 

Buff, 

turning 

brown. 


Search 
also  for 
Mu  in 
the 

Fe  A1  Cr 
ppt. 


Precipitate 
Zn  Co  Ni 
B6il  with  HCl  and  a little 
4NO3;  add  KOII,  filter. 


Filt. 
Zn 
Add 
a*SH. 
’ ^hite 
ppt. 


Precipitate 
Co  Ni 

Dissolve  in  HCl 
and  proceed  a.s 
directed  on 
p.  150. 


Filtrate 

Ba  Sr  Ca  Mg  Li  K Na  NH* 
Add  (NH4)2C03,  warm,  filter. 


Precipitate 
Ba  Sr  Ca 

Collect,  wash,  dissolve  in 
HC.jH^Oj,  add  excess  of 
K2Cr04,  filter. 


Ppt. 

Ba 

Yellow 


Filtrate 
Sr  Ca 

Add  dilute  lIjSO, 
let  stand,  filter. 


Ppt.  Filt. 

Sr  Ca 

White  Add 

NH*OH 
and 

(NHJsCjO^ 

whfte 

ppt. 

■Sec  also  page  281,  and  the 
more  delicate  separation  given 
on  p.  136. 


Filtrate 

Mg  Li  K Na  NH^ 
Add  (NHJ.HPO.,  stir, 
filler. 


Ppt. 

Mg 

White 


Ppt. 
Li 
See 
p.  281. 


Filtrate  • 

Li  K Na  NH^ 
Evaporate  to  small 
bulk,  add  NH,OH. 


Filtrate 
K Na  NHj 
Evaporate, 
ignite, 
dissolve, 
Test  for 
K by  IDPtCl^, 
or  by  Carnot’s 
test,  p.  82, 

Na  by  flame, 
NH^  in 
original 
solution. 


[To  face  p.  27t>.] 
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two  of  the  benzene  series,  and  one  each  of  the  najilithalene, 
and  anthracene  series.  Beneatli  each  h}Tlrocarbon  are  given 
some  examples  of  its  chief  derivatives.  A glance  along  the 
table  shows  the  relation  of  these  derivatives  to  each  other. 


THE  TERPENE  SERIES  OF 
HYDROCARBONS 

The  lerpcnc  scries  have  the  general  formula, 
Tcrehenthcnc  or  pinene  (pure  oil  of  turpentijie),  is  the 

most  common  member  of  the  series. 

The  hydrocarbons  called  terpenes,  are  very  com- 

monly met  with  as  constituents  of  the  volatile  oils.  Very 
few  of  these  oils  have  been  produced  artificially.  Their 
fragrance  is  chiefly  due  to  the  non-terpenoid  constituents 
(W'allach).  Ihey  differ  from  one  another  in  the  extent  to 
which  they  rotate  the  plane  of  polarization  of  light,  and  also 
in  the  sense  of  the  rotation  (i.c.,  right  or  left).  They  may 
be  divided  into  classes,  of  which  several  are  interesting  in 
pharmacy:  (a)  Terpenes  or  pinenes,  boiling  at  about  156°  C., 
and  found  in  ordinary  turpentine  and  other  volatile  oils  ; (6) 
stjh'cslrene,  found  in  Russian  and  Swedish  turpentine ; (c) 
])liellandrene,  Isevo-rotatory  (left-rotating)  from  PheUandnum 
(iqualicum,  and  dextro-rotatory  (right-rotating)  from  the  E. 
amygdalina  variety,  chiefly,  of  EncaUjplus  oils  (ji.  542),  boil- 
ing-poiiit  170°  C.  ; (f/)  cilrcncs  (Ihnonenes),  boiling  at  about 
175°  C.,  and  derived  from  the  diffei-ent  s])ecies  of  citrus  ; (c) 
dipentcnc,  found  in  some  turpentines  and  oils  of  camphor  and 
elemi ; (/')  lerpinene,  occuri-ing  in  oil  of  cardamoms.  Cam- 
phene,  fcnchcnc,  and  lerpinolcne  are  terpenes,  camphene  occur- 
ring naturally  in  certain  oils.  The  sesquiterpenes  have  the 
formula  and  include  cadinene,  found  in  oils  of  cubebs, 

savin,  cade,  betel,  camphor,  galbanum,  ])atchou]i,  juniper, 
asafetida,  hop,  and  olibanum  ; carijoplnillene,  found  in  oil  of 
cloves ; and  other  isomers  of  these.  Tliey  boil  at  a mucli 
higher  temperature  than  the  teriicnes,  but  resemble  them  in 
other  respects. 

Oil  of  Turpentine  {Clemn  Terehiuthinw.,  R.P.).  Turj)cntine 
itself  is  really  an  oleo-resin  of  about  the  consistence  of  fresh 
honey.  It  flows  naturally  or  by  incision  from  the  wood  of 
most  coniferous  trees;  larch  (Pinus  Larlr)  yielding  f'cnice 
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Titrpeuline,  Abies  halsamea  furnishing  Canadian  Twyenline  or 
Canada  Balsam  (^Tcrchinthina  Canadensis,  B.P.),  the  hark  of 
Pislachia  terehinihus,  the  variety  termed  Chian  Turpentine 
(containing  about  1 part  of  essential  oil  to  7 of  I’esin),  and 
Pin  us  australis  (jialustris),  P.  Abies,  P.  pinaster  and  P.  tceda, 
affording  the  common  American  Turpentine.  Pinus  maritima 
gives  the  French  or  Bordeaux  Turpentine,  and  P.  picea  the 
old  fragrant  Strasburg  Turpentine.  By  distillation  with 
steam,  tlie  crude  tur})entine  is  separated  into  colophony,  rosin, 
or  resin,  which  remains  in  the  still,  and  essential  oil  of  turpen- 
tine, often  termed  simply  turpentine,  spirit  of  turpentine,  or 
“turps,”  which  di.stils  over.  Mixed  with  alkali  to  saturate 
resinous  acids,  and  redistilled  in  a current  of  steam,  oil  of 
turpcTitine  furnishes  about  80  per  cent,  of  rectified  oil  of 
turpentine.  Pinus  sijivestris  and  P.  jAulebourii  furnish  Russian 
turpentine  (which,  according  to  Tilden,  consists  of  two 
terpenes  and  cymene)  and  also  (Wallach)  a left-rotating 
limonenc.  'I'his  turjientinc  is  probablv  a b3f-product  in  the 
preparation  of  common  u'ood  taifPiv  Lupiida,  B.P.)  ; its  odour 
is  very  j)leasant,  (piite  diiferent  from  that  of  ordinary  turjien- 
tine.  The  leaves  of  the  Pinus  .sylvcslris,  or  Scotch  fir,  are  in 
Germany  broken  down  to  a woolly  condition,  producing  Pine 
Wool  or  Fir  Wool,  or  wadding  used  in  making  vermin-repel- 
ling blankets ; and  this  substance,  or,  still  better,  the  fresh 
leaf,  by  distillation  with  water,  yields  Fir- Wool  Oil,  consist- 
ing, according  to  Tilden,  of  two  terpenes,  like  those  of 
Russian  turpentine,  and  cymene.  The  oil  distilled  from  the 
fresh  leaves  of  Pinus  Pumilio  is  official  [Oleum  Pini,  B.P.). 
'I'he  terpene  of  Bordeaux  turpentine  (terebenthene)  rotates 
the  plane  of  the  polarization  of  light  more  than  the  terpene  of 
American  turpentine,  and  in  the  opposite  sense — i.e.,  to  the 
left. 

Turpentine  “commences  to  boil  at  about  320°  F.  (160°  C.), 
and  almost  entirely  distils  below  366°  F.  (180°  C.),  little  or 
no  residue  remaining,”  whereas  petroleum  spirit,  with  which 
turpentine  might  be  mixed,  covers  a much  wider  range  of 
temperature  during  its  distillation.  Petroleum  spirit  also, 
when  the  small  round  flame  of  the  end  of  a piece  of  twine 
is  brought  near  to  some  of  the  sjurit  in  a cuji,  gives  a 
momentary  flash  of  flame  at  a much  lower  temperature  than 
that  at  which  turpentine  flashes.  Te.sted  in  the  sj)ccially 
arranged  flash-point  apparatus  of  the  last  Petroleum  Act, 
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Boverton  Redwood  found  that  tlie  flash-point  of  turpentine 
was  lowered  10°  F.,  by  1 per  eent.  of  petroleum  spirit.  The 
speeifie  gravity  of  oil  of  turpentine  is  from  about  0-855  to 
0-870. 

Under  the  influence  of  heat  and  sulphuric  acid  or  other 
chemical  agents,  pure  oil  of  turpentine,  yields  many 

derivatives  of  considerable  chemical  interest.  Amongst 
them  are  tw-o  optically  inactive  terpene  isomers  named  tere- 
bene  and  colophene,  used  for  inhalation  and  as  disinfeetants 
and  deodorizers.  When  acted  on  by  gaseous  hydrochlorie 
acid,  the  product  is  a white  crystalline  monohydrochloride, 
CjgHjgHCl.  In  sunlight  and  in  presence  of  moisture  it 
slowly  undergoes  oxidation  and  hydrolysis,  forming  a crystal- 
line substance,  CjgHjg02.  Bromine  acts  violently  on  tur- 
pentine and  terpenes,  giving  rise  to  dibromides  which  yield 
cyraene  when  heated,  CjgHjgBr.,  = -|-  2HBr.  Crystals  of 

terpin  hydroxide,  CjQHjg(OH).„H.,0,  also  terpinol  (CjgHjg).„H20, 
are  used  therapeutically  instead  of  terebene.  The  official 
terebene  {I'erebenum,  B.P.),  is  “a.  mixture  of  dipentene  and 
other  hydrocarbons.”  “Not  more  than  15  per  cent,  should 
distil  below  329°  F.  (165°  C.).”  Terebeniini,  U.S.P.,  “boils  at 
312°  to  320°  F.” 


ALCOHOLS 

Alcohols  are  the  substances  produced  when  one  or  more 
hydrogen  atoms  of  the  hydrocarbons  are  displaced  by  one 
or  more  hydroxyl  (OH)  groups,  forming  (a)  moiiohydroxyl 
derivatives  (monohydric  or  monatomic  alcohols),  (6)  dihydroxyl 
derivatives  (dihydric  or  diatomic  alcohols),  etc. ; they  are 
in  fact  hydroxides  of  hydrocarbon  radicals,  just  as  caustic 
potash,  slaked  lime,  etc.,  arc  liydroxides  of  metallic  radicals, 
thus ; — 


C2H5OH 
Ethyl  hydroxide 

C2H  (0H)2 

Ethylene  hycfroxide,  or  glycol 

C3Hg(OH)3 
Glyceryl  hydroxide,  or  glycerin 


KOH 

Potassium  hydroxide 

Ca(OH)2 

Calcium  hydroxide 

Bi(OH)3 

Bismuth  hydroxide 

Monohydric  or 


Monohydroxyl  Derivalives  of  Uydrocarbonx  ; 

Monatomic  Alcohols. 


The  FAhy I Series  of  Alcohols,  Tlie  alcohols, 

' or  carbmols  (Kolbe),  are  primary,  secondan/,  or  lerUary,  accord- 

2 II 
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ing  as  the  liydroxyl  group  is  linked  to  a prlraaiy,  a secondar}", 
or  a tertiary  carbon  atom  {see  p.  439).  Thus  : — 


H 

H— C— OH 

I 

H 

Carbinol 


I 

H— C— OH 
H 

Typical  primary 
carbinol 


cH  I 

I— C— OH 
K.  I 


Typical  secondary 
carbinol 


C„H,„+. 

? I 

.1— O-OH 
X I 
cT  c H 

Typical  tertiai-y 
carbinol 


On  oxidation,  ])rimary  alcohols  yield  first  aldehydes  and 
then  acids,  tlie  CHgOH  grouji  of  an  alcohol  becoming  COH 
in  tlie  aldeliyde,  and  COOH,  or  carboxyl,  in  the  acid; 
secondaiy  alcoliols  yield  ketones,  the  CHOH  group  becom- 
ing CO,  or  carhomjl  (as  in  acetone  CHg  - CO  - CHg),  and  by 
further  oxidation  break  u]),  forming  acids  Avith  fewer  carbon 
atoms  tlian  the  original  alcohol ; while  the  tertiary  yield  a 
ketone  and  an  acid.  The  primary  alcohols  alone  are  of 
practical  interest  to  medical  and  pharmaceutical  students. 
The  tertiary  alcoliols  are  said  to  be  dejiressants  instead  of 
stimulants.  For  examples  of  primary,  secondary,  and 

tertiary  alcohols,  see  pp.  491,  492. 

General  method  of  preparing  Primary  Alcohols. — By  acting 
on  the  monochloro-derivative  of  a paraffin  with  potassium  or 
silver  acetate,  an  ethereal  salt  (or  ester)  is  produced,  which 
when  saponified  with  caustic  potash  yields  the  alcohol.  For 
instance, — 

C.,HgCl  + AgCT-IgOg  = CgHgCgHgOg  + Agd 

IStliyl  Hifvor  Ethyl  Silver 

chlorido  acetate  acetate  chloride 

CgH.C.HsOg  + KOH  = CgHgOH  -t-  KC^HgOg 

Ethyl  Potassium  Ethyl  Potassium 

acetate  hydroxide  alcohol  acetate 

If  the  chloro-derivatives  were  directly  acted  ujion  by  the 
potassium  hydroxide,  hydrocarbons  of  the  olefine  or  acety- 
lene series  would  result. 

The  chief  primary  alcohols  are  ordinarily  obtained  other- 
wise than  by  the  above  general  method. 


Methyl  Alcohol 

Methyl  {jikdv,  melhu,  wine,  and  vA?;,  nle,  wood)  Alcohol,  or 
Carbinol,  Methyl  Hydroxide,  CHgOH,  is  a j)roduct  of  the 
destructive  distillation  of  wood,  occurring  in  Pyroxylic  Spirit 
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or  fl'oud  Naphtha,  and  is  now  obtained  in  large  quantities  as 
a by-prodnct  in  the  manufacture  of  beet  sugar.  Hy  oxidation 
it  yields  formic  acid  {see  p.  371). 

Melhi/hiled  Spiiit. — Alcohol  of  about  84  per  cent,  strength, 
containing  10  per  cent,  by  volume  of  wood  naphtha,  con- 
stitutes methijlaled  spirit,  a sjiirit  issued  duty  free,  for  the  use 
of  manufacturers,  the  methyl  alcohol,  etc.,  not  interfering  with 
certain  technical  applications.  Since  1891,  the  Regulations 
of  the  Inland  Revenue  authorities  require  that  methylated 
spirit  which  is  to  be  retailed  to  the  public,  in  addition  to  the 
above  proportion  of  wood  naphtha,  shall  contain  not  less  than 
three-eighths  of  one  per  cent,  by  volume  of  mineral  naphtha 
(i.e.,  coal-tar  naphtha).  This  requirement  is  designed  to 
pi’event  effectually  the  use  of  the  mixture  as  a beverage,  the 
addition  of  the  mineral  naphtha  rendering  it  nauseous  and 
unpalatable. 

Detection  of  Met hpl  Alcohol  in  presence  of  Ethyl  Alcohol. — 
Three  or  four  methods  have  been  proposed  for  the  detection 
of  methyl  alcohol  in  alcoholic  liquids,  in  the  preparation  of 
which  methylated  spirit  shoidd  not  be  used ; that  most  used 
by  pharmacists  is  by  J.  T.  Miller.  For  the  application  of  the 
test  to  tinctures  and  similar  alcoholic  mixtures,  some  of  tlie 
alcohol  is  first  separated  by  distilling  off  a drachm  or  so  from 
about  half  an  ounce  of  the  liquid  placed  in  a small  flask  or  a 
test-tube  having  a long  bent  tube  attached.  Into  a similar 
apparatus  put  30  grains  of  j)owdered  potassium  bichromate, 
half  an  ounce  of  water,  2.5  minims  of  concentrated  sulphuric 
acid,  and  30  or  40  minims  of  the  distillate  to  be  tested.  Set 
the  mixture  aside  for  a quarter  of  an  hour,  and  tlien  distil 
nearly  half  a fluid  ounce.  Place  this  distillate  in  a small 
dish,  add  a very  slight  excess  of  sodium  carbonate,  boil  down 
to  about  a (juarter  of  an  ounce,  add  enough  acetic  acid  to 
impart  a feeble  but  distinct  acid  reaction,  pour  the  liquid 
into  a test-tube,  add  a grain  of  silver  nitrate  dissolved  in 
about  30  minims  of  water,  and  heat  gently  for  a couple  of 
minutes.  If  the  liquid  then  merely  darkens  a little,  but  con- 
tinues quite  translucent,  the  spirit  is  free  from  methyl  alcohol  ; 
but  if  a copious  precipitate  of  dark-brown  or  black  metallic 
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silver  separateSj  and  the  tube,  after  being  rinsed  out  and 
filled  with  water,  has  a distinct  film  of  silver  adhering  to  it, 
which  appears  brown  by  transmitted  light  (seen  by  hold- 
ing it  against  white  paper),  the  spirit  is  methylated.  'I'he 
experiments  are  best  performed  by  daylight. 

This  test  depends  for  its  action  on  the  reducing-powers 
of  formic  acid.  In  the  above  o])cration  the  ethyl  alcohol 
becomes  oxidized  to  acetic  acid  (the  corresponding  acid  of 
the  ethyl  scries),  which  does  not  reduce  silver  salts,  a minute 
(piantity  only  of  formic  acid  being  produced,  Avhile  the  methyl 
alcohol  yields  formic  acid  (the  corresponding  acid  of  the 
methyl  series)  in  a comparatively  large  quantity.  Aldehyde, 
which  is  also  a reducing  agent,  is  simultaneouslj'^  produced, 
but  is  removed  in  the  subsequent  ebullition  with  sodium 
carbonate. 

Melliyhited  Sweet  Spirit  of  Nitre. — The  preparation  of  spirit 
of  nitrous  ether  from  methylated  spirit  is  illegal  in  Great 
Britain,  and,  ])robably,  is  vei’y  rarely  practised.  For  the 
detection  of  methyl  alcohol  in  this  liquid.  Miller  suggests 
the  following  modification  of  the  foregoing  process. 

Shake  about  an  ounce  of  the  sample  with  20  or  30  grains 
of  dry  ])otassium  carbonate,  and,  if  needful,  add  fresh  portions 
of  this  salt  as  long  as  it  continues  to  be  dissolved,  then  pour 
off  the  supernatant  li(|uid.  This  treatment  serves  to  neutralize 
iicid  and  to  remove  water,  of  which  an  abnormal  quantity 
may  be  present.  Introduce  half  a fluid  ounce  of  the  prepared 
li(}uid  into  a small  flask;  add  150  grains  of  dry  calcium 
chloride  in  powder,  and  stir  well  together;  then,  having 
connected  the  flask  with  a condenser,  place  it  in  a bath  of 
boiling  water,  and  distil  a fluid  drachm  and  a half,  or  con- 
tinue the  distillation  until  scarcely  anything  more  comes 
over.  The  operation  is  rather  slow,  but  needs  little  atten- 
tion, and  should  be  done  thoroughly.  The  distillate  contains 
nearly  the  whole  of  the  nitrous  ether  and  other  interfering 
substances,  while  in  the  retort  there  remains  a non-volatile 
compound  of  calcium  chloride  and  methyl  alcohol,  if  the 
latter  be  present.  Now  add  to  the  contents  of  the  flask  a 
fluid  drachm  of  water,  which  decomjioses  the  comjiound  just 
referred  to,  and  distil  over  the  half  drachm  of  licpiid  reejuired 
for  testing.  Then  proceed  as  already  described. 
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Ethyl  Alcohol 

AV/z/y/  Alcohol,  or  Methyl  Carbinol,  Ethyl  Hydroxide, 
commonly  called  simply  Alcohol,  C2H.OH,  or  CHgCH^OH. — 
It  is  a colourless  liquid,  having  a boiling-i)oint  of  172-9°F. 
(78-3°  C.)  and  sp.  gr.  0-7935.  Ethyl  alcohol  may  he  obtained 
by  passing  ethylene  into  concentrated  sulphuric  acid  and  dis- 
tilling the  product,  ethyl  hydrogen  sulphate,  with  water : — 

C.,H^  + H„SOj  = C.HgHSO, 

C^H^HSO^  + H.O  = C.HjOH  + H^SO^ 

On  the  large  scale  alcohol  is  produced  by  fermentation  of 
certain  kinds  of  sugar.  All  fermented  bread  retains  a little 
alcohol,  sometimes  as  much  as  1 in  400. 

Experiment. — Dissolve  two  or  three  grains  of  sugar  in  a 
test  - tubeful  of  water,  add  a little  yeast  (a  piece  of  the 
so-called  German  or  dried  yeast  may  be  used),  and  set  the 
tube  aside  for  several  hours  in  a warm  place  at  a temperature 
of  75°  to  85°  F.  (23’8°  to  29-4°  C.).  Carbonic  anhydride  is 
evolved,  and,  if  the  tube  be  inverted  in  a small  dish  contain- 
ing water,  may  be  collected  in  the  upper  part  of  the  tube  and 
subsequently  tested  : the  solution  contains  alcohol.  If  the 
experiment  be  made  on  larger  quantities  (four  ounces  of 
sugar,  one  of  yeast,  and  a pint  of  water)  the  fermented 
liquid  should  be  distilled,  one-half  being  collected,  shaken 
with  a little  lime,  caustic  soda,  or  potash  to  neutralize  any 
acetic  acid  and  decompose  ethereal  salts,  and  again  distilled 
till  one-half  lias  passed  over  ; the  product  is  dilute  alcohol. 
It  may  be  still  further  concentrated  or  rectified  by  repeated 
similar  fractional  distillations.  Stills  can  he  so  constructed, 
especially  on  the  large  scale,  as  to  condense  and  separately 
deliver  the  substances  liaving  different  boiling-points. 

Fennenlation. — The  change  known  as  fermentation  is 
commonly  the  result  of  some  vital  action.  Alcoholic  I'ermenln- 
lion  would  apjiear  always  to  result  from  the  development  of 
a living  vegetable  organism  and  the  free  multiplication  of 
its  cellular  structure.  This  organism  is  the  yeast  plant, 
Smrlmromi/ce.s  cerevisiic.  In  the  presence  of  this  plant,  with 
small  ([uantities  of  pho.si)hates  and  albumenoid  matter, 


486 


OllGANIC  CHEMISTRY 


glucose  is  converted  into  alcohol  and  carbonic  aidiydride, 
together  with  small  proportions  of  glj'cerin,  succinic  acid,  and 
other  substanees.  Cane  sugar,  or  sna'osc,  does  not  itself 
undergo  alcoliolic  fermentation.  It  can,  however,  by  various 
methods,  be  converted  into  glucose  which  is  fermentable. 
Yeast  contains  a soluble  ferment,  invcrlase,  which  is  capable 
of  converting  sucrose  into  glucose,  so  tliat  by  the  action  of 
yeast  cane  sugar  may  l)c  converted  into  carbonic  anhj’dride 
and  alcoliol,  the  soluble  ferment  first  converting  the  sucrose 
into  glucose.  It  has  recently  been  shown  that  the  action  of 
the  yeast  plant  upon  glucose  is  also  due  to  a soluble  ferment 
or  enzyme  contained  in  the  cell  and  termed  sj/niasc. 

C,,H„0^  = 2C,,Hj^OH  -h  2COo 

(.ilucuso  Alcohol  Carbonic  anhydride 

Not  more  than  20  per  cent,  by  weight  of  alcohol  can  be 
obtained  in  a fermenting  licpiid,  since  alcohol  itself  prevents 
fermentation  when  present  in  larger  proportion  than  this 
in  a licpiid  which  otherwise  would  be  cajiable  of  undergoing 
the  change. 

Other  Ichids  of  ferment alion,  arising  from  the  action  of 
special  ferments  which  have  not  received  in  all  cases  dis- 
tinctive name.s,  are  the  following : — Viscous  or  Mcinnitic  fer- 
meutatiou,  which  occurs  when  beer  or  saccharine  juices,  such 
as  that  of  beet-root,  become  “ropy.”  Gum,  mannite,  and 
carbonic  aidiydride,  are  produced.  For  Lactic  and  Buiijric 
fenuentatious,  see  ]ip.  379  and  52G.  Putrefactive  J'ermentation 
occurs  when  a liquid  containing  albumcnoid  matter  is  exposed 
to  the  air.  Infusoria  appear  in  the  liquid,  using  up  the  dis- 
solved oxygen,  and  the  ferments  of  the  genus  vibrio  are 
developed.  These  are  protected  from  oxygen,  which  is  fatal 
to  them,  by  a thin  surface  layer  crowded  with  hacteria — • 
small  rod-like  organisms  having  in  some  cases  powers  of 
locomotion.  The  putrefaction  proceeds  with  evolution  of 
hydrogen  suljihide,  methane,  and  hydrogen,  together  with 
other  gases  having  unpleasant  odours  and  of  complex  chemical 
constitution.  V or  Acetic  fermentatiou,  see  “ iVceiic  Acid.”  fm' 
Avivioniacal  fervientation,  see  “ Urine.” 

Fermentation  by  certain  Soluble  Ferments  or  Fnzymes. — f ni’ 
the  conversion  of  starch  into  sugar  by  diastase,  see  “ Starch  ; 
of  amygdalin  into  benzoic  aldehyde,  hydrocyanic  acid,  and 
glucose  by  emulsin,  see  “ v\mygdalin  ” ; of  salicin  into 
saligenin  and  glucose,  see  “Salicin  ” ; of  potassium  myronate 
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into  allyl  iso-tliiocyanate,  etc.,  by  myrosin  (see  p.  494)  ; of 
cane-sugar  into  grape-sugar  by  the  soluble  ferment  in  yeast, 
see  the  foregoing  paragraphs.  Many  soluble  ferments  or 
enzymes  occur  in  the  germinating  seeds  and  other  parts  of 
plants,  and  play  an  important  part  in  nutrition. 

The  nomenclature  of  ferments  and  fermentation  is  now 
emerging  from  early  confusion.  The  word  fermentation 
originally  described  the  action  that  goes  on  in  the  prepara- 
tion of  alcoholic  liquids  or  of  dough,  for  it  is  derived  from 
the  Latin  /’crrco,  I boil,  or  seethe,  in  allusion  to  the  evolution 
of  gas.  But  discoveries  of  ferments  have  so  multiplied  as  to 
force  classification,  resulting  in  the  names  organised  ferments 
(yeast,  for  example),  and  unorganised  ferments  (such  as 
diastase);  the  latter  are  also  termed  soluble  ferments  or 
enzymes.  Moreover  to  the  action  of  many  so-called  ferments 
the  word  fermentation  is  scarcely  ajjplicable,  as,  though  other- 
wise strictly  analogous  to  fermentation,  no  gas  is  given  off. 
Hence  the  word  zymosis  (from  fvjxdicrLS,  zumosis,  fermentation) 
for  the  action  of  organised  ferments,  while  the  soluble  or 
unorganised  ferments  are  termed  enzymes,  and  their  action 
one  of  zymolysis. 

Alcoholic  Fermentation. — On  the  large  scale  the  o^ieration 
of  alcoholic  fermentation  is  carried  out  by  the  action  of  yeast 
upon  maltose,  a variety  of  sugar  produced  from  the  starch 
present  in  the  seeds  of  cereals.  During  germination  the 
starch  of  the  grain,  under  the  influence  of  a ferment  called 
diastase  which  is  also  present,  is  converted  into  dextrine  and 
maltose.  The  chief  reaction  during  fermentation  I'esults,  as 
already  stated,  in  the  formation  of  alcohol  and  carbonic 
anhydride,  though  .3  per  cent,  of  glycerin,  0'5  of  succinic 
acid,  and  traces  of  several  other  substances  are  simultaneously 
produced  (.sec  “Fusel  Oil,”  p.  492).  By  the  fermentation 
of  various  fruit  juices  and  other  saccharine  liquids  there  is 
produced  the  alcohol  prc.sent  in  the  diflerent  kinds  of  wine 
and  beer  as  well  as  in  brandies,  liqueurs,  and  distilled  spirits 
generally.  Orange  Wine  {Finum  Aurantii,  B.  P.),  is  made  “ by 
the  fermentation  ol  a saccharine  solution  to  which  Fresh 
Bitter-Orange  Peel  has  been  added”;  Sherry  Wine  (/7?/mw; 
Xericum,  B.P.),  is  the  fermented  juice  of  the  grape  ; Bay  Bum 
or  Spirit  of  Myrcia  (Spiritus  Myrcia;,  U.S.P.),  is  made  by  di.s- 
tilling  rum  with  leaves  of  Myrcia  acris  and  other  plant.s,  or 
by  dissolving  their  oils  in  alcohol ; and  .so  on. 
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Alcoholic  beverages  vary  much  in  strength.  Cider  or 
apple-wine,  perry  or  pear-wine,  and  good  beer  (ale  and  porter 
or  stout)  contain  4 to  7 per  cent,  by  volume  of  alcohol ; good 
light  wines,  both  “red”  and  “white,”  and  natural  sherry,  10 
to  12  per  cent.;  strong  sherry  and  port,  which  are  commonly 
“fortified,”  that  is,  contain  added  spirit,  16  or  18  per  cent; 
while  “spirits”  (gin,  rum,  brandy,  whisky,  etc.),  and 
“licpieurs”  (ratafia,  almond-Havoured ; maraschino,  cherry- 
flavoured  ; cura^oa,  orange-flavoured ; chartreuse,  a compo- 
site-flavoured liqueur,  etc.),  are  “under-proof”  or  “over- 
proof,”  terms  explained  in  a following  paragraph.  Vermouth 
is  an  infusion  of  bitter  and  aromatie  herbs  and  roots  in  white 
wine.  For  excise  purposes  “beer”  is  any  such  liquid  or 
substitute  which  contains  more  than  2 per  cent,  of  proof 
spirit.  The  well-known  effects  of  these  spirituous  fluids  on 
the  animal  system  would  appear  to  be  due  primai'il}^  to 
alcohol,  and  secondarily  to  esters.  Some  owe  a part  of  their 
effeet  to  non-volatile  substances,  for  beer  from  which  all 
alcohol,  etc.,  has  been  removed  by  ebullition  is  said  to  have 
considerable  effect  on  the  human  economy. 

Spirit  oj'  French  Wine  {Spirilns  Vini  Gallici,  B.P.)  or 
lirandij  is  a coloured  and  flavoured  variety  of  alcohol  distilled 
from  French  wine.  Its  colour  is  that  of  light  sherry,  and  is 
derived  from  the  cask  in  which  it  has  been  kept,  but  is 
commonly  deepened  by  the  addition  of  burnt  sugar.  Its 
taste  is  due  to  the  volatile  flavouring  co]istitue)its  of  the  wine, 
often  increased  by  the  addition  of  artificial  essences. 

Ethyl  Alcohol  of  various  strengths. — A liquid  containing 
85’65  per  cent,  by  weight  of  pure  alcohol,  and  14’36  per 
cent,  by  weight  of  water,  constitutes  the  official  “ Alcohol 
(90  per  cent.)”  {Spiritus  llectificatus,  B.  P.).  Its  sp.  gr.  is 
0'8340.  It  contains  “ 90  parts  by  volume  of  ethyl  hydroxide, 
C^HgOH,  and  10  parts  by  volume  of  water.”  With  four 
different  proportions  of  added  water,  it  forms  the  four  official 
liquids  known  as  Diluted  Alcohols,  viz.  : — 1.  Alcohol  (70  per 
cent.),  sp.  gr.  0-8900  ; 2.  Alcohol  (60  per  cent.),  sj).  gr- 
0-9135;  3.  Alcohol  (45  jier  cent.),  sj).  gr.  0-9436;  4.  Alcohol 
(20  per  cent.),  sp.  gr.  0-9760;  these  percentages  being  by 
volume. 

A mixture  of  alcohol  and  water  containing  84  j)cr  cent, 
by  weight  of  pure  alcohol,  constitutes  common  spirit  of  wtue ; 
its  sp.  gr.  is  0-8382.  It  was  formerly  official  as  rectiju'd  spirit. 
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Another  mixture  containing  49  •25  per  cent,  by  weight, 
57  by  volume,  of  pure  alcohol,  is  known  as  proof  spirit* 
and  was  formerly  official ; its  sj).  gr.  is  0’920  (actually 
0-91984).  In  the  language  of  the  Excise  authorities,  the 
official  Alcohol  (90  per  cent.)  would  be  described  as  “58 
degrees  over-proof  ” (58  O.P.);  that  is,  100  volumes  contain 
as  much  alcohol  (ethyl  hydroxide)  as  is  present  in  158 
volumes  (nearly)  of  proof  spirit.  Obviously,  proof  spirit  may 
be  made  by  diluting  rectified  spirit  of  any  strength  with 
water.  Thus  100  fluid  ounces  of  a spirit  of  “70  over-proof” 
may  be  diluted  to  170,  or  the  same  quantity  of  a sj)irit  of  “ 50 
over-proof”  may  be  diluted  to  150,  and  so  on.  Spirit  of  10 
per  cent.  “ under  proof ” contains  as  much  alcohol  as  would 
be  present  in  spirit  formed  of  90  volumes  of  proof  spirit 
mixed  with  sufficient  water  to  form  100  volumes.  According 
to  British  law,  gin  is  not  “adulterated”  with  water  if  it  is 
not  weaker  than  35  degrees  under-proof ; nor  brandy, 
whisky,  or  rum,  if  they  are  not  weaker  than  25  degrees 
under-proof. 

Inland  Revenue  regulations,  dated  November  1902, 
permit  the  use  of  ethyl  alcohol  of  various  strengths  and  of 
pure  methyl  alcohol,  dulij-free,  for  purposes  of  teaching  and 
research  in  Universities,  Colleges,  etc. 

Absolute  Alcohol,  (^Alcohol  Ahsohitum,  B.P.),  may 

be  prepared  by  the  removal  of  w'ater  from  less  strong  ethyl 
alcohol.  This  can  be  accomplished,  partially,  by  means 
of  dry  potassium  carbonate,  and  more  completely  by  means 
of  recently  fused  calcium  chloride.  In  operating  on,  say, 
one  pint,  2 ounces  of  dry  potassium  carbonate  should  be 
I)laced  in  a bottle  that  can  be  well  closed,  and  frequently 
shaken  during  two  days  with  the  spirit.  Meanwhile  put 
rather  more  than  a pound  of  calcium  chloride  into  a covered 
crucible,  and  subject  it  to  a red  heat  for  half  an  hour  ; then 
pour  the  fused  salt  on  to  a clean  stone  slab,  cover  it  quickly 
with  an  inverted  porcelain  dish,  and  when  it  has  solidified, 
break  it  uji  into  small  fragments,  and  enclose  it  in  a dry 
stoppered  bottle.  Put  one  pound  of  this  fused  calcium 

* I'nioJ spirit  is  so  termed  from  the  fact  that  in  olden  times  a proof 
or  test  of  its  strenf^th  was  afforded  by  moistening  willi  it  a small 
quantity  of  gunpowder  and  .setting  light  to  the  S])irit ; if  it  fired  the 
powder.  It  was  said  to  be  “over-proof”;  if  not,  “under-jiroof.”  The 
weakest  spirit  that  would  stand  this  test  was  what  we  should  now 
describe  as  of  sp.  gr.  0'920. 
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chloride  into  a flask,  jioiiv  over  it  the  spirit  decanted  from 
tlie  potassium  carbonate,  and  closing  the  month  of  the  flask 
with  a cork,  shake  them  together  and  allow  them  to  stand 
for  twenty-four  hours  with  repeated  agitation.  Then  attach- 
ing a dry  condenser  closely  connected  with  a receiver  from 
which  free  access  of  air  is  excluded,  and  applying  the  flame 
of  a lamp  to  the  flask,  distil  about  tAvo  fluid  ounces,  Avhich 
should  he  returned  to  the  flask,  after  which  the  distillation 
is  to  be  continued  until  fifteen  fluid  ounces  have  been 
recovered.  The  product  should  be  colourless  aud  free  from 
empyremnatic  odour ; its  specific  gravity  should  be  from 
0-794  to  0-79G9,  and  it  should  contain  not  more  than  1 per 
cent,  by  weight  of  water.  It  is  entii-ely  volatilized  by  heat,  is 
not  rendered  turbid  when  mixed  Avith  Avatei',  does  not  cause 
anhydrous  cupric  sul])hate  to  assume  a blue  colour  even  after 
the  two  have  been  Avell  shaken  together.  What  little  Avater 
remains  may,  if  necessary,  be  removed  by  the  cautious 
addition  of  metallic  sodium  in  small  quantity.  If  5 per  cent, 
of  sodium  be  used,  solution  of  sodium  ethylate,  or  cau-stic 
alcohol  (^lAquor  Sodii  Klhi/lalix,  13.9.)  results  by  replacement  of 
the  hydroxyl  hydrogen  by  sodium: — 2Na -f- 2C2H5OH  = 
2C.,H50Na  + 1 Ig.  The  .solution  contains  18  per  cent,  of  sodium 
ethylate. 

The  most  highly  purified  ethyl  alcohol  obtainable  has 
sj).  gr.  0-7935  at  (i0“  F.  (15-5°  C.),  and  boils  at  78-3°  C. 

7t'.y/.y. — 'rhere  are  no  specific  tests  for  alcohol  when  mixed 
with  complex  matters.  It  is,  however,  easily  isolated  and 
concentrated  by  fractional  distillation,  and  is  then  recognis- 
able by  noting  its  j)hysical  and  chemical  characters.  'Iliiis 
its  odour  and  taste  are  characteristic ; it  is  lighter  than 
Avater,  volatile,  colourless,  and  when  tolerably  strong,  inflany 
mable,  burning  Avith  an  almost  non-luminous  flame ; it 
readily  yields  aldehyde  (.yec  p.  620)  and  acetic  ether  (xcc 
p.  4G5),  each  of  which  has  a characteristic  odour ; and  in 
hot  acid  solutions,  alcohol  reduces  potassium  bichromate  to 
a green  chromic  salt. 

According  to  laeben,  1 part  of  alcohol  in  2000  of  Avatci 
can  be  detected  by  adding  to  some  of  the  Avarmed  lic]uid  a 
small  (juantity  of  iodine,  a few  drops  of  solution  of  caustic 
soda,  again  Avarming  gently,  and  setting  aside  lor  a time  , 
a yelloAvish  crystalline  deposit  of  iodoform}  CIII3,  is  obtaince  . 
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Under  the  microscope  the  latter  2Ji’eseiits  the  ai>j)earance  of 
hexagonal  j)lates  or  six-rayed  and  other  varieties  of  stellate 
crystals. 

C.HeO  + 41,  + 6NaOH  = CHI.  + NaCHO,  l SNal  + 5H,0 

Otlier  alcohols,  aldehydes,  gum,  turjientine,  sugar,  and  several 
other  substances  give  a similar  reaction. 

Tests  of  Pui'iti/. — Oil  or  resin  is  jirecij)itated  on  diluting 
alcohol  containing  it  with  distilled  water,  giving  an  oj^al- 
escent  appeai’ance  to  the  mixture.  Fusel  oil,  aldehyde,  and 
such  imjjurities  are  detected  by  means  of  silver  nitrate  (.vec 
the  official  test  of  jjurity  on  p.  732).  Water  in  absolute 
alcohol  may  be  detected  by  adding  to  a small  quantity 
some  highly  dried  cupric  sulj)hate,  which  becomes  blue 
(CuSO^,  5H,,0)  if  water  be  jiresent,  but  retains  its  yellowish- 
white  ajjpearance  (CuSO^)  if  water  be  absent. 

Note. — Most  ethyl  derivatives  are  formed  from  alcohol, 
for  exam})le,  the  ethyl  nitrite  in  spirit  of  nitrous  ether,  ethyl 
iodide,  etc.,  which  have  already  been  described.  On  oxida- 
tion alcohol  yields  aldehyde  and  acetic  acid. 


Propyl  and  Butyl  Alcohols 
The  })rimary  and  secondary  propyl  alcohols, 
and  (CH3).2C110H,  and  the  four  isomeric  butyl  alcohols, 
CjHyOH  (see  below),  are  of  little  joharmaceutical  interest. 
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1 he  new  hy[motic  known  as  clilorclone  is  a trichloro- 
derivativc  of  tertiary  Imtyl  alcoliol.  Its  formula  is 
CCl3(CH3),C()li. 


Amyl  Alcohols 

Ami/I  d/fo/<o/,  (.- 1 IjjOII,  or  C|II,,CM,,()11,  is  always  pro- 
duced during  the  prciiaration,  by  fermJntation,  of  ethyl  or 
common  alcohol,  CJl-Oll,  esiiecially  when  the  latter  is 
prejiared  from  sugar  which  has  been  derived  from  starch  ; 
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hence  the  name,  from  ami/lum,  starch.  The  sugar  from  jjotato- 
starch  yields  a considerable  quantity  ; hence  the  alcohol  is 
often  called  potato  oil.  The  impure  amyl  alcohol  obtained 
and  separated  during  the  prejiaration  of  common  alcohol  is 
also  termed  /’oM.vc/  oil  or  fusel  oil  (from  plmo,  to  produce), 
in  allusion  to  the  circumstance  that  the  so-called  oil  is  not 
simply  educed  from  a substance  already  containing  it  (as  is 
usually  the  case  with  oils),  but  is  actually  produced  during 
the  operation.  It  was  described  as  oil  pi’obably  because  it 
resembled  oil  in  not  readily  mixing  with  water ; but  it  is 
soluble  to  some  extent  in  water,  and  is  an  alcohol  homologous 
with  ethyl  alcohol.  It  often  contains  variable  proportions  of 
propyl,  butyl,  and  capryl  alcohols.  (See  also  Valerianic  Acid.) 
It  should  be  redistilled  for  medicinal  use  and  the  product 
pa.ssing  over  at  2G2°  to  270°  F.  (or  about  128°  to  132°  C.) 
should  alone  be  collected. 

Purified  fusel  oil  is  a colourless  liejuid,  with  a penetrating 
and  oppressive  odour  and  a burning  taste.  It  is  sparingly 
.soluble  in  water,  but  soluble  in  all  proportions  in  alcohol, 
ether,  and  essential  oils.  Exposed  to  the  air  in  contact  with 
j)latinum  black,  it  is  .slowl}'  oxidized,  yielding  valerianic  acid, 
C.,II„-CO()1 1.  Eight  isomeric  varieties  of  amyl  alcohol  are 
known,  of  which  three  possess  jdiarmaceutical  interest.  Two 
of  the.se,  viz.,  jirimary  inactive  iso-amyl  alcohol  or  iso-butyl 
carbinol  and  ])rimary  active  amyl  alcohol,  are  present  in 
])urificd  fusel  oil,  the  former  constituting  much  the  larger 
proportion  of  it  : the  third  isomeric  variety  is  tertiary  amj'l 
alcohol. 
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The  comstitution  of  the  variety  of  amyl  alcohol  termed 
tertiarj  anii/l  alcohol,  or  dimelhiil-eth}il-carbinol,  is  shown  in  the 
above  graphic  formula.  It  is  used  in  medicine  in  place  or 
chloral  hydrate,  and  is  known  as  amylene  hydrate. 
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Other  Monohydric  Alcohols 

Among  the  higher  alcohols  of  the  ethyl  series  are  the 
following : — 

Cehjl  Alcohol  or  Celijl  Hydroxide,  CjgHggOH,  formerly 
termed  ellial,  obtained  by  saponifying  S2)ermaceti  {Cetaceum, 
B.P.),  which  consists  of  cetyl  palmitate,  Cj,,H3gCj^H3^02,  or 
cetine.  Spermaceti  is  the  solid  crystalline  fat  accompanying 
sperm-oil  in  the  head  of  the  sperm  whale. 

Cetyl  Alcohol,  is  obtained  in  a similar  manner 

from  Chinese-wax  (cei’yl  cerotate). 

I Melissyl  Alcohol  or  Alyricyl  Alcohol,  CggH^OH,  is  obtained 

I in  a similar  manner  from  melissyl  palmitate,  the  portion  of 
i beeswax  sparingly  soluble  in  hot  alcohol.  Melissyl  alcohol 
I occurs  in  Carnaitba  Wax,  from  Copeniicia  cerifcrn.  Mart. 

' {Corypha  cenfera,  Linn.)  a wax  characterised  by  its  high 
melting-point,  176°  to  194°  F.  (80°  to  90°  C.).  Yelloto 
Beeswax  {Cera  Flava,  B.P.)  and  the  same  bleached  by  ex- 
, posure  to  moisture,  air,  and  sunlight,  or  White  Beeswax  {Cera 
I Alba,  B.P.)  is  prepared  from  the  honeycomb  of  the  hive-bee. 
According  to  Brodie  it  consists  in  the  main  of  cerotic  acid 
and  melissyl  palmitate,  with  about  five  per  cent,  of  ceroleine, 
the  substance  to  which  the  colour,  odour,  and  tenacity  of  -wax 
l are  due.  Among  the  possible  adulterants  of  wax  are  paraffin 
j and  ceresine.  The  latter  is  the  purified  native  ozokerite  of 

; Galicia,  a solid  hydrocarbon  largely  used  as  a substitute  for 

I beeswax,  especially  in  Russia.  Both  paraffin  and  ceresine 
reduce  the  melting-point  of  wax,  which  should  not  be  lower 
' than  146°  F.  (63'3°  C.)  when  taken  in  the  manner  described 
in  connection  with  the  determination  of  melting-points.  The 
quantity  of  paraffin  and  ceresine  present  as  impurity  may  be 
I detei-mined  by  heating  the  wax  first  with  ordinary,  and  after- 
wards with  fuming,  sulphuric  acid,  which  scarcely  affect  these 
adulterants.  Pure  beeswax  will  not  yield  more  than  about 
three  per  cent,  of  its  weight  to  cold  rectified  spirit,  whereas 
I resin,  etc.,  would  be  extracted  by  the  spirit.  Solution  of 
caustic  soda  extracts  Jiothing  from  pure  beeswax,  but  dissolves 
fatty  acids,  fats,  resin.  Japan-wax,  etc.,  present  as  impurities 
and  the  alkaline  fluid  then  yields  a precipitate  of  acids  on  the 
addition  of  hydrochloric  acid.  Soap  would  be  dissolved  from 
wax  on  boiling  the  .sample  with  water,  and  the  aqueous 
fluid  would  yield  fatty  acid  on  adding  hydrochloric  acid. 
^ Flour  or  any  starch  would  be  detected  in  the  cooled  atpieous 
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fluid  by  means  of  iodine.  JVaxex  and  tril/oiox  are  common  on 
leaves,  fruits,  and  barks. 

The  Allyl  Scries  of  Alcohols, 

AUtfl  nlcohol,  CgIk/OH,  may  be  obtained  by  heating  4 
parts  of  glycerin  with  1 of  oxalic  acid,  the  receiver  being 
changed  at  195°  C.,  and  the  lupiid  collected  till  the  tempera- 
ture rises  to  260°  C.  The  first  product  is  formic  acid,  which 
interacts  with  glycerin,  forming  monoformin  : — 

C8H,(0H)3  + HCOOH  = H,0  + C3H8(OH)/)CHO 

Glycerin  Formic  acid  Water  Monoformin 

'I'his,  on  further  heating,  yields  allyl  alcohol  : — 


C.,Il8(OII).,OCHO  = H3O  + CO3  + CgHjOH. 

Hy  the  action  of  the  halogen  acids  it  produces  iodine,  bromine, 
and  chlorine  derivatives,  the  OH  being  replaced  by  I,  Br,  or 
Cl  ; these  derivatives,  when  digested  with  potassium  thio- 
cyanate, yield  allyl  thiocyanate,  CgH^CNS.  This  compound 
on  distillation  undergoes  isomeric  change,  and  is  converted  into 
allyl  iso-thiocyanate,  Cgll^NCS,  the  artificial  Oil  of  Mustard 
(identical  with  the  chief  constituent  of  the  natural  oil. 
Oleum  Sinapis  l'’olalilc,  B.P.).  Allyl  iso-thiocyanate  is  the 
substance  to  which  mustard  owes  its  power  of  inducing 
inflammatory  action  on  the  skin. 

Mustard  fSiuapis,  B.P.)  is  a powdered  mixture  of  black 
or,  rather,  reddish-brown  mustard-seeds  (fdiuapis  Nigt'ce  Semina, 
B.P.)  from  Brassica  nigra,  and  white  mustard-seeds  fSinapis 
Alhce  Semina,  B.P.)  from  Brassica  alba.  White  mustard-seed 
contains  .swrt//;/»,  C3„H^2N2S20jr,,  a glucoside  which,  in  contact 
with  the  myrosin  present  in  an  aqueous  extract  of  mustard, 
yields  iso-thiocyanate  of  the  radical  acrinyl,  a substance 
which  forms  part  of  the  essential  oil  of  mustard. 

C3oH4„N.,S,0,o  + H..O  = C^ITONCS  + CjoH,,^0„NHSO,  + C,HiA 

Sinalbin  Water  Acrinyl  Sinapin  acid  Glucose 

iso-thiocyanato  Hulpliato 


Crude  oil  of  mustard  often  contains  allyl  cyanide,  CgH^CN. 

Black  mustard-seed  contains  the  albumenoid  ferment, 
myrosin  (resembling  the  emulsin  of  almonds),  and  also 
potassium  myronate,  or  .sinigrin.  dhe  latter  is  the  sub- 
stance which,  under  the  influence  of  the  ferment,  yields  the 


chief  part  of  the  pungent  oil  of  mustard. 


Potassium 

myroiiato 


-t-  HgO  = KHSO.,  -t- 

Watcr  Acid  potassium  Allyl 

sulijliato  iso-tliiocyauato 
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The  quantity  of  myi'osin  in  black  mustai'd  is  scarcely 
sufficient  to  decompose  the  whole  of  the  sinigrin,  while  in 
white  mustard  the  quantity  is  more  than  sufficient  to  decom- 
pose the  sinalbin.  Hence  the  most  effective  mustard  is  a 
mixture  of  wdiite  and  black.  The  ferments  act  most 
effectively,  hence  the  maximum  amomit  of  pungency  is 
produced,  in  mustard  paste  at  temperatures  not  exceeding 
100°  F.  (37-7°  C.). 

Charta  Sinapis,  B.P.,  is  cartridge  paper  which  has  been 
coated  on  one  side  with  a mixture  of  purified  mustard  and 
solution  of  indiarubber  and  dried. 

In  the  old  Pharmacopoeia  of  India  the  seedof  Brassica  juncea, 
Rai,  or  Indian  Mustard  Plant,  is  included  in  addition  to  those  of 
B.  alba  and  B.  nigra.  It  is  the  common  mustard  of  warm 
countries.  It  does  not  differ  chemically  from  other  mustard. 
Allyl  compounds  are  also  met  with  in  several  other  cruci- 
ferous and  liliaceous  plants.  Oil  of  garlic  owes  its  odour  to 
allyl  compounds ; experiments  carried  out  by  F.  W.  Semmler 
show  these  to  be  allyl-propyl  disulphide,  and  diallyl  disul- 
phide. 

Decylene  Alcohol,  C^gH^gOH,  belongs  to  the  allyl  series. 

' Menthol  (^Menthol,  B.P.),  obtained  from  oil  of  peppermint,  is 
, said  by  some  to  consist  wholly  of  this  alcohol. 


i! 


Sulphur  Alcohols,  or  Thio-alcohols,  CHgSH,  C^H^SH,  etc., 
analogous  to  hydrosulphides,  KSH,  etc.,  are  known.  They 
were  originally  termed  mercaptans  fniercunus  captan.'i)  from  the 
readiness  with  which  they  took  up  mercury  to  form  com- 
pounds such  as  (CgHjjS).2Hg.  The  vapours  of  thio-alcohols 
and  many  allied  sulphur  compounds  have  an  extremely 
unpleasant  smell. 

Sulphonic  Acids  are  products  of  the  oxidation  of  the  sul- 
phur alcohols  just  mentioned.  For  example  : — 

2C2H.SH  -h  30,  = 2C2H5-SO./OH 

Ethyl-mercai)taii  Oxygen  Bthyl-sulijhouic  acid 

A number  of  aromatic  sulphonic  acids  may  be  formed  by 
acting  on  hydrocarbons  with  sulphuric  acid.  Examples  : — 

^®2<oh  + 

Sulpharic  acid  Benzene  Benzene-sulplionic  acid  Water 


OH 
OH 

Sulphuric  acid 


S02< 


-f- 


C,H,CH3 

Toluene 


= SO 

^2^0H 

Toluenc-sulphonic  acid 


+ 


HgO 

Water 
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Sulphonic  acids  ai'e  isomeric  with  acid  sulphites^  the 
characteristic  sulphonic  group  or  radical  being  SOgH,  but 
the  acid  sulphites  of  the  organic  radicals  are  extremelj^ 
unstable,  the  corresponding  sulphonic  acids  very  stable  ; the 
former  are  easily  decomposed  by  caustic  potash  or  soda 
while  the  latter  are  not  attacked. 

SuIpJional  (B.P.),  a h3^pnotic,  is  a crystalline,  colourless, 
tasteless,  odourless,  substance.  It  is  a product  of  the  action 
of  a permanganate  solution  on  acetone-ethyl-mercaptol, 
(CHg)gC  (CgHgS)._, — a liquid  resulting  from  the  interaction  of 
liydrocldoric  acid,  mercaj)tan,  and  acetone.  Its  systematic 
name  is  diethylsulphone-dimethylmethane. 

I'riona/  is  diethylsulphone  - methylethylmethane,  and 
tcJromd  is  dietliysuljjhone-diethylmethane. 


CH 
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Saccharin  [Cjlusidum,  B.P.  ; synonym,  Glucusimide),  which 
is  a liarmless,  non-alimentary,  jiui’ely  sweetening  agent,  two 
or  three  hundred  times  as  sweet  as  sugar,  is  he?izoyl-sidphonic 
iniide.  Fahlberg  obtains  it  by  converting  toluene  into 
toluene-sulphonic  acid  (above);  this  into  a calcium  salt,  then 
into  a sodium  salt,  and  the  latter  into  toluene-sulphonic 
cliloride,  by  action  of  phosphorus  trichloride  and  chlorine ; 
the  liquid  orthochloride  into  amide  by  ammonium  carbonate; 
the  amide  is  then  oxidized  by  potassium  permanganate  to 
potassium  sulphamidobenzoate  and  water ; hydrochloric  acid 
then  precipitating  benzoyl-sulphonic  imide  or  “saccharin 
with  elimination  of  water.  “ Soluble  saccharin  ” is  saccharin 
in  which  hydrogen  is  displaced  by  sodium.  The  following 
formulae  illustrate  the  stages  of  manufacture  : — 


SO  <rC<3^4CHg  go  /CgH^CHg 
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Oiihoplieiio/sulphunic  acid,  sozu/ic  acid,  or 

aseplul,  is  a non-poisonous,  non-irritating  antiseptic.  l)i- 
iudopara-phcitolsidphonic  acid,  or  sozoiodol,  CyH^IoOH'SOo'OH, 
has  similar  properties,  and  is  used  instead  of  iodoform. 


QUESTIONS  AND  EXERCISES 
Give  an  outline  of  the  relations  between  alcohols  and  acids. — 
Give  a general  method  of  preparing  the  primary  alcohols  of  the 
ethyl  series. — Name  the  source  of  methyl  alcohol. — What  is  “ methy- 
lated spirit”? — Describe  the  mode  of  detecting  methylated  spirit  in 
a tincture. — How  can  artificial  ethyl  alcohol  be  prepared? — Write  a 
few  sentences  on  the  formation,  purification,  and  concentration  of 
alcohol,  and  explain  the  difference  between  the  official  varieties  of 
alcohol,  proof  spirit,  and  absolute  alcohol. — What  quantity  of  water 
must  be  added  to  one  gallon  of  alcohol  58  degrees  over-proof,  to 
convert  it  into  proof  spirit? — How  far  must  5 pints  of  alcohol  of  53 
degrees  over-proof  be  diluted  to  become  proof  spirit?  Ans.,  7 
pints  13  ounces. — State  the  specific  gravity  of  proof  spirit. — State  the 
proportion  of  alcohol  commonly  present  in  malt  liquors,  light  wines, 
port  and  sherry,  and  “ spirits  ” ; and  state  the  extent  to  which  spirits 
may  be  diluted  without  “adulteration.” — Enumerate  the  characters 
of  alcohol. — Whence  is  brandy  obtained,  and  to  what  are  its  colour 
and  flavour  due? — Give  a short  account  of  commercial  amyl  alcohol. — 
How  is  allyl  alcohol  prepared  ? — In  what  relation  does  allyl  alcohol 
stand  to  oil  of  mustard  and  oil  of  garlic  ? 


ETHERS 

FAln/l  Ether,  or  (mlinarij  ether. — Into  a capacious  test-tube 
put  a small  (juantity  of  alcohol  (90  per  cent.)  and  about  half 
its  volume  of  suli)huric  acid,  mix,  and  gently  warm  ; the 
vapour  of  ether,  recognisable  by  its  odour,  is  evolved.  Adapt 
a cork  and  long  bent  tube  to  the  test-tube,  and  slowly  distil 
over  the  ether  into  another  test-tube.  Half  the  original 
quantity  of  alcohol  now  placed  in  the  generating  tube  will 
again  give  ether;  and  this  operation  maybe  repeated  many 
times. 

The  jjreparation  of  ordinary  ether  is  usually  performed 
on  a manufacturing  scale.  In  carrying  out  a laboratory 
experiment  on  a somewhat  larger  scale  than  that  described  in 
the  preceding  paragraph  (in  imitation  of  the  manufacturing 
process)  the  addition  of  alcohol,  instead  of  being  intermittent, 

2 I 


498 


Organic  chemistry 


is  continuous,  a tube  conveying  alcohol  from  a reservoir  into 
the  generating-vessel.  Mix  ten  Huicl  ounces  of  sulphuric 
acid  with  twelve  fluid  ounces  of  alcohol  (90  per  cent.) 
in  a glass  retort  or  flask  capable  of  containing  at  least 
two  pints,  and,  without  allowing  the  mixture  to  cool,  con- 
nect the  retort  or  flask,  by  means  of  a bent  glass  tube, 
M’ith  a Liel)ig’s  condenser,  and  distil  with  heat  sufficient 

to  maintain  the  liquid  in 
brisk  ebullition.  (If  a 
thermometer  also  be  in- 
serted in  the  tubulure  of 
the  retort  or  through  the 
cork  of  the  flask,  the 
temperature  may  be  care- 
fully regulated — between 
284“  and  290“  F. ; 140“ 
and  143‘3“  C.)  As  soon 
as  the  ethereal  fluid  be- 
gins to  j)ass  over,  supply 
fresh  alcohol  in  a continu- 
ous stream,  and  at  a rate 
about  e(}ual  to  that  at 
whicli  the  fluid  distils.  For  this  purpose  use  a tube  furnished 
with  a stopcock  to  regulate  the  supjfly,  as  shown  above  in 
fig.  40,  connecting  one  end  of  the  tube  with  a vessel  con- 
taining the  alcohol  supported  above  the  level  of  the  retort 
or  flask,  and  {lassing  the  other  end  through  the  cork  of  the 
retort  or  flask  into  the  licpiid.  When  a total  of  fifty  fluid 
ounces  of  alcohol  has  been  added,  and  forty-two  fluid  ounces 
of  ether  have  distilled  over,  the  ])rocess  may  be  stopped. 

To  j)artially  purify  the  liquid,  dissolve  ten  ounces  of 
calcium  chloride  in  thirteen  ounces  of  water,  add  half  an 
ounce  of  lime,  and  agitate  the  mixture  in  a bottle  with  the 
impure  ether.  Leave  the  mixture  at  rest  for  ten  minutes, 
pour  off’  the  light  supernatant  fluid,  and  distil  it  gently 
until  the  specific  gravity  rises  to  0 735.  4“he  ether  and  alcohol 
retained  by  the  calcium  chloride,  and  in  the  residue  of  each 
rectification,  may  be  recovered  by  distillation  and  used  in  a 
subsequent  operation.  To  imitate  the  j)roccss  of  partial 
purification  just  described,  add  to  the  small  (piantity  of 
ether  obtained  in  the  previous  test-tube  experiment,  a con- 
centrated solution  of  calcium  chloride  and  a little  .slaked 


Km.  40. — Kreparalioii  of  Kthur. 
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lime ; the  latter  absorbs  any  sul])luirous  acid  that  may  have 
been  produced  by  secondary  decompositions,  while  the 
former  absorbs  water ; on  shaking  the  mixture  and  then 
setting  aside  for  a minute  or  two,  the  etlier  will  be  found 
floating  on  the  surface  of  the  solution  of  calcium  chloride. 

Explanation  of  Procesx. — On  mixing  sulphuric  acid  and 
alcohol  in  equal  volumes,  they  interact  to  some  extent  to 
form  ethyl  hydrogen  sulphate  (sometimes  termed  ethyl- 
sulphuric,  or  sulphovinic,  acid)  : — 

CjHjOH  + H,SO^  = an^HSO^  + H/) 

Alcohol  Sulphuric  Ethyl  hydrogen  Water 

acid  sulphate 

The  ethyl  hydrogen  sulphate  interacts,  on  warming,  with 
more  of  the  alcohol  to  form  ether  and  sulphuric  acid  : — 

C,H  OH  + C.,H-HSO^  = (C.HfJP  + ^380^ 

"Ethyl  Ethyl  hydrogen  Ether,  Sulphuric 

alcohol  sulphate  or  C^H. — O — C^Hj  acid 

The  water  of  the  first  reaction  and  the  ether  of  the  second 

distil  over,  while  the  sulphuric  acid  liberated  is  again 
attacked  by  alcohol  and  reconverted  into  ethyl  hydrogen 
sulphate.  So  that  the  sulphuric  acid  originally  employed 
finally  remains  in  the  retort  in  the  form  of  ethyl  hydrogen 
sulphate.  The  effect,  however,  of  a small  quantity  of 
sulphuric  acid  in  thus  converting  a large  quantity  of  alcohol 
into  ether  is  limited,  secondary  reactions  occurring  to  some 
extent  after  a time.  The  official  ether  (^yEthcr,  E.P.)  is  “a 
colourless,  very  volatile  and  inflammable  liquid,having  a strong 
and  characteristic  odour.  Sp.  gr.  0'735.  It  contains  not 
less  than  92  per  cent,  by  volume  of  ethyl  oxide 

Properties. — Pure  ethyl  ether  is  gaseous  at  temperatures 
above  95°  F.  (.35°  C.)  ; hence  the  condensing  tubes  employed 
in  its  distillation  must  be  ke[)t  as  cool  as  possible.  At  all 
ordinary  temperatures  it  rapidly  volatilizes,  absorbing  much 
heat  from  the  surface  on  which  it  is  placed.  A few  droj)s 
evaporated  from  the  back  of  the  hand  produce  a well-marked 
sensation  f>f  cold  ; and  if  blown  in  the  form  of  spray,  the 
cooling  effect  is  so  rapid  and  intense  as  to  produce  local 
anaesthesia.  Fvaporated  by  aid  of  a current  of  air  from  the 
outside  of  a thin  narrow  test-tube  containing  water,  the 
water  may  be  frozen.  Its  vapour  is  very  heavy,  more  than 
two  and  a half  times  as  heavy  as  air,  and  nearly  forty  limes  as 
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heavy  as  hydrogen,  H2  = 2 ; C^H;^|)0  = 74,  or  as  1 to  37.  In  a 
still  atmosphere  the  vapour  will  flow  a considerable  distance 
along  a table  or  floor  before  complete  diffusion  oceurs,  and  as 
the  vapour  is  highly  inflammable,  it  is  of  the  greatest  import- 
ance to  keep  candle  and  other  flames  at  a distance  during 
mani])ulations  with  ether.  Exposed  to  the  action  of  air 
and  light,  etlier  undergoes  some  decomposition  and  then 
contains  a little  hydrogen  peroxide. 

Ether,  ])re]>ared  as  described  and  distilled  until  the 
distillate  has  a sp.  gr.  of  0’735,  and  boiling-point  not  higher 
than  105°  F.  (40’5°  C.),  is  the  “Ether”  of  the  British  Phar- 
macopa'ia.  It  still  contains  about  8 per  cent,  of  alcohol. 
'I'he  latter  may  be  removed  by  well  shaking  the  ether  with 
half  of  its  volume  of  water,  setting  aside,  separating  the 
floating  ether  and  again  shaking  it  with  water ; alcohol 
is  thus  washed  out.  This  washed  ether  containing  water 
(for  water  and  ether  are  to  some  extent  soluble  the  one  in 
the  other;  fifty  measures  of  pure  ether  agitated  with  an 
e(]ual  volume  of  water  are  reduced  to  forty-five  measures)  is 
|)laced  in  a retort  with  solid  calcium  chloride  and  a little  caustic 
lime,  and  once  m(»re  distilled  ; purified  ether  (^Aillicr  ranjicahtu, 
B.P.)  results.  Sp.  gr.  not  exceeding  0‘722  and  not  below 
0-720,  indicating  about  99  per  cent,  of  ethyl  oxide.  Shaken 
with  about  a fourth  of  its  volume  of  solution  of  potassium 
iodide  and  a little  starch  mucilage,  little  or  no  blue  colour  is 
produced,  indicating  absence  of  an  imj)urity.  The  exact 
nature  of  the  latter  is  not  known,  but  inasmuch  as  it 
develo[)S  hydrogen  peroxide,  the  test  for  the  latter  is  offici- 
ally directed  to  be  applied.  “ On  shaking  ])ure  ether  with  half 
its  bulk  of  a dilute  solution  of  jmtassium  bichromate  acidu- 
lated with  sulphuric  acid,  and  setting  aside,  the  su])ernatant 
ether  should  have  no  blue  colour  (absence  of  hydrogen 
])eroxide).”  Poleck  and  Thummel  state  that  the  impurity 
in  question  is  vinyl  alcohol. 

Mixed  AV/icnv.  — That  CoHj.,  — O — C.^Hj  represents  the 
constitution  of  ether  is  indicated  by  the  result  of  the 
reaction  of,  say,  methyl  alcohol  on  ethylsulphuric  acid,  a 
single  definite  substance,  methyl-ethyl  ether,  CHg — O — 0>Hi> 

resulting.  . . 

KUiers  of  various  radicahs,  R — O — R,  and  several  mixed 

ethers,  R O — R',  are  known  ; also  sulphur  ethers  or  thio- 

ethers,  such  as  (C41g)2S,  (l^;>ll5)2^j  etc. 
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SpirHiis  jElheris,  B.P.,  is  a mixture  of  common  ether 
(^Ai!llier,  B.P.),  witli  twice  its  volume  of  alcohol  (90  per  cent.). 

Kthiflenc  Sulphate,  C.,H^SO^,  is  said  to  be  contained  in 
“Hoffmann’s  Anodyne”  {^Spirit us  jEtheris  Compositus,  B. P.), 
a solution  of  heavy  oil  of  /vine  in  ether  and  alcohol.  The 
so-called  “ heavy  oil  of  wine  ” is  obtained  by  digesting 
alcohol  (90  per  cent.)  and  sulphui'ic  acid  together,  then  dis- 
tilling, removing  any  acid  from  the  distillate  by  the  addition 
of  sodium  bicarbonate,  and  adding  alcohol  to  the  ethereal 
liquid.  The  product  is  a mixture  consisting  probably  of 
ethylene  sulphate,  ethyl  sulphate,  ether,  dissolved  ethylene, 
and  other  substances. 

AROMATIC  ALCOHOLS  (C„H.^„_^OH  Series^ 

Phenols. — These  are  alcohols  in  the  sense  of  being  hydroxyl 
derivatives  of  hydi’ocarbons.  They  possess  in  a slight  degree 
the  character  of  acids,  forming  compounds  with  metals  which 
to  some  extent  resemble  salts.  Unlike  the  paraffin  alcohols, 
they  do  not  yield  aldehydes,  acids,  or  ketones  on  oxidation. 

Carbolic  Acid 

Phenol,  Phenic  Alcohol,  Phenic  Acid,  or  Carbolic  Acid,* 
C,.H-OH,  may  be  prepared  by  heating  benzene  with  sulphuric 
acid,  whereby  benzene-sulphonic  acid,  Ci-Hr^HSOg,  is  obtained. 
'Phis,  when  heated  with  caustic  potash  yields  potassium-])henol 
or  potassium  carbolate,  and  the  latter  when  treated  witli 
acids,  yields  phenol : — 

C,H,HSOg  -F  3KOH  = C,;H,OK  + KgSOg  -t-  2H„() 

Benzene-  Potassium  Potassium  Potassium  Water 

sulptioriic  aciil  Iiydroxide  carbolate  sulphite 

Commercially,  carbolic  acid  is  obtained  from  that  part  of  coal- 
tar  boiling  between  35G''  and  374°  F.  (180°  and  190°  C.). 
When  purified,  it  is  a colourlessf  crystalline  solid,  of  melting 
l)t)int  not  lower  than  102°  F.  (38'8°  C.)  {Acidum  Carbolicum, 
B.P.).  A crystalline,  so-called  hydrous,  acid,  C,,H,,()H,H.,0, 
may  also  be  obtained. 

Carbolic  acid  is  only  slightly  soluble  in  water,  but  is 

Ordinary  carbolic  acid  is  a mixture  of  i)lienol  with  cresol  and 
other  homolofcues  of  phenol. 

t Phenol  soon  assumes  a j)ink  colour  owiiijr  (Fabrini)  to  the 
action  of  hydrofren  jieroxide  and  ammonia  in  presence  of  traces  of 
copper,  iron,  or  lead. 
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readily  dissolved  by  alcohol,  ether,  and  glycerin  (Gh/cerhium 
Acidi  Carholm,  B.P.).  At  G0°  F.  (15-5°  C.),  100  parts  of 
the  acid  are  liquefied  by  the  addition  of  5 to  10  parts  of 
water  (100  of  acid  and  10  of  water  forming  Carbolicum 

Li  (j  lie  factum,  B.F.).  At  the  same  temperature  100  of  the 
acid  dissolve  30  to  40  of  water,  and  are  dissolved  by  1800 
to  1200  of  water,  the  former  of  these  numbers  being  said  to 
be  characteristic  of  the  acicular,  and  the  latter  of  the  pul- 
verulent variety  ot  the  acid.  Of  the  small,  separate  crystals 
which  are  official,  1 part  dissolves  in  12  of  water. 

At  tenij)eratures  above  95°  F.  (35°  C.)  ordinary  carbolic 
acid  is  an  oily  licpiid.  In  odour,  taste,  and  solubility  (and  in 
appearance  when  liquefied  by  heat  or  by  the  addition  of  5 
j)cr  cent,  of  water)  carbolic  acid  resembles  creosote,  a wood- 
tar  j)roduct  for  which  it  has  been  substituted.  Besides  phenol, 
coal-tar  oil  contains  (re.w/  or  cresylic  acid,  C-II-OH,  or 
(',.1  I^CI IjjOll,  while  wood-tar  oil  furnishes  giiaiacol,  C-H^().„ 
— also  a product  of  the  destructive  distillation  of  guaiacum- 
resin,  boiling-point  392°!'.  (200°  C.) — and  creosol,  CyHjyO.^,  or 
CyIIyCII,j'()I  the  mixture  constituting  creosote. 

Certain  colouring-matters  may  be  obtained  by  the  oxidation 
of  carbolic  acid  : thus  the  addition  of  a small  (juantity  of  a 
solution  of  a hypochlorite  to  carbolic  acid  which  has  been 
mixed  with  ammonia  or,  still  better,  with  aniline  (phenyl- 
ammonia  or  phenylamine)  j)roduces  a blue  li(|uid.  No  very 
satisfactory  chemical  method  can  be  found  for  distinguishing 
creosote  from  carbolic  acid,  as  creosote  contains  phenol.  Some 
j)hysical  differences  exist  : thins,  carbolic  acid  does  not  affect 
the  plane  of  polarization  of  a ray  of  polarized  light  ; creosote 
rotates  it  to  the  left  or  slightly  to  the  right  according  to 
variations  in  the  substances  present  in  it.  Carbolic  acid  is 
either  .solid  or  may  be  solidified  by  cooling ; creosote  is  not 
solidified  at  the  low  temperature  attained  by  mixing  hydro- 
chloric acid  and  sodimn  sulphate.  Creosote  from  coal  (im- 
pure or  crude  carbolic  acid)  yields  a jelly  when  shaken  with 
albumen  or  with  collodion  ; creosote  from  wood  (^('rcosoliim, 
B.  F.)  is  scarcely  affected,  especially  if  ipiite  free  from  trace.s 
of  carbolic  acid.  Coal-creosote  is  soluble  in  solution  of 
caustic  jmtash  and  in  saturated  solution  of  ammonia  (Head); 
wood-creosote  is  scarcely  soluble.  The  coal-tar  product  is 
soluble  in  twenty  times  its  volume  of  water,  and  a neutral 
solution  of  ferric  chloride  produces  a more  or  less  permanent 
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green  or  blue  colour  with  the  liquid ; wood-creosote  is  less 
soluble  {Aqua  Creosoti,  U.S.P.,  is  said  to  contain  1 in  129)  and 
is  not  permanently  coloured  blue  by  ferric  chloride.  An  alco- 
holic solution  of  the  coal-tar  creosote  is  coloured  brown  by 
ferric  chloride,  a similar  solution  of  wood-creosote  green.  A 
dilute  solution  of  creosote,  such  as  creosote  water,  is  not 
affected  by  agitation  with  spirit  of  nitrous  ether  while  a similar 
solution  of  phenol  becomes  red.  A few  drops  of  spirit  of 
nitrous  ether  are  placed  in  a test-tube  with  about  a drachm 
of  the  aqueous  liquid,  and  an  equal  volume  of  sulphuric  acid  is 
poured  down  the  sides  of  the  tube.  A pink  or  red  colour 
results  if  phenol  be  present,  especially  after  standing  for 
a short  time  (Eykman ; MacEwan).  A solution  of  carbolic 
acid  gives,  with  excess  of  bromine  water,  an  insoluble  white 
precipitate  of  tribromojdienol,  C^jH.jllrgOH.  This  reaction  is 
useful  in  quantitative  determinations  of  carbolic  acid.  3 he 
determination  of  the  amount  of  iodine  absorbed  by  alkaline 
solutions  of  this  and  other  phenols  (thymol,  naphthol,  etc.) 
serves  also  for  quantitative  purposes.  According  to  Morson 
pure  creosote  is  not  dissolved  when  mixed  with  an  equal 
volume  of  commercial  glycerin,  while  carbolic  acid  is  miscible 
in  all  proportions  and,  if  present  in  the  creosote,  will  carry 
a considerable  quantity  of  it  into  solution.  Creosote  is, 
obviously,  a mixture  of  substances  and  may  vary,  somewhat, 
in  composition. 

Carbolic  acid  and  alkalies  yield  carbolates  ov  jAienales,  such 
as  CjjHjOK  and  C,.HjONa.  Alcoholic  solutions  of  the  latter 
and  of  mercuric  chloride  yield  yellow  crystalline  mercuric 
phenate  or  phenul-mcrcunj,  (C,,Hr,C)).,Hg. 

Carbolic  acid  is  a powerful  antiseptic  (dvTt,  anti,  against 
and  o-y/TTOj,  sT'pb,  to  putrefy).  In  large  doses  it  is  poisonous, 
antidotes  being  a mixture  of  olive-oil  and  castor-oil,  freely 
administered,  or  a mixture  of  slaked  lime  with  about  tliree 
times  its  weight  of  sugar  rubbed  together  with  a little  water. 
A lozenge  is  official  (Trucliiscus  Acidi  CarboUci,  E.P.).  Carbolic 
acid  is  attacked  by  hot  sulphuric  acid,  snlpliocarbolic  or  para- 
phenolsulphonic  acid,  C„H^(0H)S03H,  being  formed.  On 
diluting  the  product  and  mixing  with  oxide.s,  hydroxide.s,  or 
carbonates,  siilp/iocarbolates  are  formed.  The  formula  of  sodiian 
sulphocarbolate  is  NaC,,H3S0^,2H,0,  or  C,.H^(OH)S()3Na, 
2H3O.  It  is  obtained  by  heating  a mixture  of  j)henol  and 
excess  of  sulphuric  acid  for  some  time  to  100°-110'’C.  and 
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converting  the  para-j)lienolsulphonic  acid  so  obtained  into  a 
sodium  salt,  by  first  treating  the  mixture  with  barium  car- 
bonate, whicli  forms  insoluble  barium  sul])hate  and  a solution 
of  barium  sulphocarbolate,  filtering,  and  treating  the  filtrate 
with  sodium  carbonate.  It  forms  colourless,  neutral,  pris- 
matic crystals  (Sodii  Sulp/iocfirhohix,  B.P.).  Zuiv  Sidp/iocarholalc, 
[C,|H ,(OM)SO,,J^,Zn,7H2()  {Ziiici  Sulp/iocarbo/as,  B.P.),  may  be 
obtained  by  saturating  sulphocarbolie  acid  Avith  zinc  oxide. 

Trinitro-phcnol,  C|,H„(N0.2)g()H,  is  formed  on  slowly  drop- 
])ing  carbolic  acid  into  fuming  nitric  acid  ; it  is  the  yellow 
dye  known  as  varbazolic  acid,  or  picric  acid.  Most  of  the 
picrates  are  explosive  by  ])ercussion,  and  picric  acid  itself 
form.s,  when  fused,  the  explosive  known  as  h/ddile. 

Both  carbolic  acid  and  benzene  are  products  obtained  in 
the  manufacture  of  coal-gas  ; hence  the  worApheuic  and  thence 
phcnijl  (from  </)au'(o,  pliaino,  I light,  an  allusion  to  the  use  of 
coal-ga.s), 

Lixpiar  Picis  ('arhonis,  B.P.,  is  j)re2)ared  by  digesting  coal- 
tar  in  alcohol  (90  j)cr  cent.)  which  has  extracted  the  active 
principles  of  (Juillaia  Bark. 

By  heating  phenol  with  zinc  dust,  benzene  results, — 

C,,HgOH+Zn  = ZnO  + C,iH„.' 

Creso!  or  Tohj!  Alcolad,  C-II7OH  or  C,.H,jOH-CM3,  one  of 
the  hydroxy  toluenes,  is  always  found  in  crude  jihenol ; artifici- 
;illy  it  may  be  made  by  the  same  general  method  as  jihenol, 
I)y  acting  on  toluene  with  sulphuric  acid  and  heating  the 
Resulting  sul])honic  acid,  C|.H.j(SO.,H)CH,,,  with  caustic  potash. 
With  ferric  chloride  it  gives  a brown  coloration.  The  three 
isomeric  forms,  ortho-,  meta-,  and  })ara-,  are  known. 

licnzi/l  Alcohol,  Pheni/lcarbinol,  CgHgCIIgOH,  is  isomeric 
with  cresol,  but  has  the  hydroxyl  group  in  the  methane 
nucleu.s,  and  not  in  the  benzene  nucleus  of  toluene.  Having 
the  CH.,()H  group,  it  yields  on  oxidation  benzaldehyde, 
CgHrCOH  (oil  of  bitter  almonds),  and  benzoic  acid, 

c,h;'cooh. 

Dihijdro.rj/l-Derivalicex  of  J I i/drocarbonx  ; Dihi/dric  or  Diatomic 

A Icoho/x. 

Glycols.  C„H.j„(OH)2  series. 

Glycols  may  be  regarded  as  dihydroxyl-derivatives  of  the 
paraffins,  the  alcohols  of  the  ethyl  series  being  monohydroxyl- 
derivatives  : — ' 
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C.,H,  C.,H,OH  C.3H,(0H)., 

Etijaiie  Ethyl  alcohol  Glycol 

They  are  prepared  by  acting  on  di-iodo-derivatives  of  the 
paraffins  with  silver  acetate,  and  then  treating  the  product 
with  caustic  potasli. 

+ 2CH3COOAg  = (CH3COO),C.3H.j  + 2AgI 

Di-ioSo-ethane  Silver  Ethylene  Silver 

acetate  acetate  iodide 

(CH3C00)3C.3H3  + 2KHO  = + 2CH3COOK 

Ethylene  acetate  Caustic  potash  Glycol  Potassium  acetate 

The  glycols  yield  very  interesting  products  on  oxidation, 
forming  two  sets  of  acids,  the  lactic  and  the  succinic  series. 


Aromatic  Gli/co/s,  C„H._,„_g(OH)3.  Dihydroxyl-derivatives 
of  benzene. 

Resorcin  {Resorcinum,  U.S.P.),  |iyrocatechin,  and  hydro- 
quinone : — 

When  two  atoms  of  h3'drogen  in  benzene  are  displaced 
by  two  hj’droxyl  groups  one  of  the  three  possible  isomeric 
compounds  is  resorcin,  a colourless,  crj'stalline 

antiseptic  having  many  advantages  over  carbolic  acid  in 
surgical  operations.  Its  name  was  given  in  allusion  to  its 
original  source,  resin,  and  to  certain  similarities  with  orcin. 
It  occurs  in  white  flat  prisms  readily  soluble  in  most  liquids. 
It  may  be  made  bj"  passing  benzene  vapour  into  hot  sulphuric 
acid  and  heating  the  product  (benzene  meta-disulphonic  acid, 
C,.H^(S03‘0H)„)  with  excess  of  caustic  soda. 


C,.H,(SO.,-()Na)._,  + 2NaHO  = C,.H,(OH)3  -f  2Na.,S03 

.Sodium  Ixmzeiie  Caustic  llesondn  ^ HoJinni 

meta-disulphonaU!  soda  . sulphite 

Resorcin  is  one  of  the  three  isomeric  diliydroxy-benzenes. 
'I’he  chemical  relationships  of  these  isomers  warrant  the  con- 
clusion that  the  differences  in  their  properties  are  due  to 
differences  in  the  relative  positions  of  the  two  hydroxyl 
groups  in  the  molecules,  as  represented  by  the  following 
formulae  : — 


C(OH) 

HC  C(Ofl) 
1 II 

C(()H) 
HC  CH 

C(OH) 
HC  CH 

1 II 

1 II 

HC  CH 
CH 

Ortho-dihydroxy- 
Ismzcno  (pyrocatccliin) 

HC  C(OH) 
CH 

Meta-dihydroxy- 
bcnzenc  (resorcin) 

1 II 

II C CH 
C(()H) 

I’ara-rliliydroxy- 
hcnzcnc  (liydroipiinonc) 
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I'lieseformukc  may  conveniently  be  sliortened  as  follows : — 

Among  the  benzene  or  aromatic  comi^ounds  there  are 
many  similar  sets  of  three  isomeric  di-substitution  derivatives 
(three  xylenes,  three  phthalic  acids,  etc.),  the  occurrence  of 
which  is  in  complete  agreement  with  the  benzene  ring” 
hypothesis  of  Kekule  as  to  the  constitution  of  benzene  com- 
pounds. 

(hcin,  or  dUnjdroxtj-iohicne,  C,.Hjj(OH)„CH3,  is  found  in 
lichens. 


SdUgenol  or  saUgenin  is  a hijdroxij-henzijl  alcohol,  salicyl 
alcohol,  ("ijH jOII'CH^OIl.  It  is  obtained  from  the  salicin 
oi  willow  bark.  Having  a hydroxyl  group  in  the  methane 
nucleus  as  well  as  in  the  benzene  nucleus,  salicylaldehyde, 
C„H/)H-C()H,  and  salicylic  acid,  C,,H.,()H-Cb()H,  are 
formed  on  oxidation. 


7Vihi/droxi//-I)c.rimticex  o f I Jydrocarbons  ; Trikydric  or  Tri- 
atoviic  Alcohols. 

Glyeerol  series,  C„H2„_i(OH)3.  The  only  member  of 
this  series  which  we  shall  c-onsider  here  is  : — 


Glycerin 

Glycerol,*  propenyl  alcohol,  glycerin,  €3113(011)3. — The 
propenyl  or  glyceryl  radical  of  glycerin  in  combination  chiefly 
with  the  acid  radicals  of  oleic,  palmitic,  and  stearic  acids, 
forms  most  of  the  solid  fats  and  fixed,  i.e.,  non-volatile  oils. 
When  these  latter  substances  are  heated  with  metallic 
hydroxides,  interaction  occurs,  oleate,  ])almitate,  or  stearate 
of  the  metal  is  formed,  and  glycerin  (glyceryl  hydroxide)  is 
set  free.  Hence  glycerin  is  a by-product  in  the  manufacture 
of  soaj),  hard  candles,  and  lead  plaster.  The  fats  are  also 
decomposed  when  exposed  to  the  action  of  steam  at  from  500 
to  600°  F.  (260°  to  about  315°  C.)  glycerin  and  oleic,  palmitic, 
or  stearic  acid  being  formed. 

Properlies. — Glycerin  is  a viscid  liquid  of  sp.  gr.  1'2S 
(1-260,  B.P.,  1898);  it  has  a sweet  taste,  and  is  soluble  in 
water  or  alcohol  in  all  proportions.  It  has  remarkable 

* It  will  be  noticed  that  one  of  the  names  of  each  alcohol  has  the 
termination  -ol,  carbinol,  glycol,  glycerol,  saligenol,  i)yrogallol, 
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powers  as  a solvent,  is  a valuable  mdiscptic  even  when  diluted 
with  10  parts  of  water,  and  is  useful  as  an  emollient.  Under 
reduced  pressure  it  may  be  distilled  unchanged,  but  at 
ordinary  atmospheric  pressure  it  undergoes  partial  decomjios- 
ition  on  distillation.  In  a shallow  open  vessel  heat  readily 
vaporizes  it  if  a little  water  be  present.  From  damp  air 
glycerin  absorbs  moisture  slowly,  but  in  considerable  pro- 
jiortions.  Perfectly  pure  and  anhydrous  glycerin,  at  a few 
degrees  below  the  freezing  point  of  water,  sometimes  solidi- 
fies to  a mass  of  ci’ystals. 

Tests. — Heat  one  or  two  drops  of  glycerin  in  a test-tube, 
alone  or  with  concentrated  sulphuric  acid,  acid  potassium 
sulphate,  or  other  salt  powerfully  absorbent  of  water  ; vapours 
of  acrylaldehyde  or  acrolein  (from  acer,  sharp,  and  oleum,  oil) 
are  evolved,  recognisable  by  their  powerfully  irritating  effects 
on  the  eyes  and  respiratory  passages.  If  the  glycerin  be  in 
solution,  the  latter  must  be  evaporated  to  as  small  a volume 
as  possible  before  the  test  is  applied. 

C3H.(0H)3  = 2H.,0  + CH^iCH-COH 

Glyc«rin  Water  Acrylaldehyde 

'I'o  some  dilute  solution  of  borax,  reddened  by  the  addi- 
tion of  phenol -phthalein,  add  a few  drops  of  a solution 
(neutralized,  if  necessary)  suspected  to  contain  glycerin  ; if 
any  is  present,  the  colour  will  be  discharged  owing  to  the 
liberation  of  free  boric  acid,  but  will  re-appear  on  heating 
the  .solution ; this  reaction  is  also  given  by  other  ]ioly- 
hydroxy  alcohols,  such  as  mannite  or  glucose. 

Add  a few  drops  of  the  fluid  susj)ected  to  contain  the 
glycerin  to  a small  quaiitity  of  powdered  borax  ; stir  well 
together ; dij)  the  looped  end  of  a platinum  wire  into  the 
mixture,  and  heat  in  the  Bunsen  flame  ; a deej)  green  colour 
is  produced  (Senicr  and  Lowe). 

The  glycerin  liberates  boric  acid,  which  colours  the  flame 
{see  |).  366).  Ammonium  salts,  which  similarly  alfect  borax, 
must  first  be  got  rid  of  by  boiling  with  solution  of  sodium 
carbonate.  Acids  must  be  neutralized.  Liejuids  containing 
much  indefinite  organic  matter  must  .sometimes  be  evaporated 
to  dryne.s.s,  the  residue  extracted  with  alcohol,  and  the 
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alcoliolic  extract  tested  for  glycerin.  To  detect  traces, 
li(|uids  must  be  concentrated. 

Glycerin,  by  action  of  concentrated  nitric  acid,  yields 
irinilrine,  nilrogli/cenii,  or  gh/ceri/l  nitrate,  C3H(^(NOg).^.  It  is 
highly  exj)losive,  a very  small  quantity  being  liable  to 
explode  during  jireparation,  and  with  great  violence.  75 
j)arts  of  nitroglycerin  absorbed  by  26  of  porous  silica,  yield 
a pasty  mass,  more  convenient  to  handle  than  nitroglycerin 
itself,  wliich  is  used  for  blasting,  under  the  name  of  dynamite. 
Tablets  of  chocolate,  w'eighing  5 grains,  and  containing  ^^(7 
grain  of  nitroglycerin,  constitute  the  'I'ahelhv.  'J'rinitrini,  B.P. 
A 1 per  cent,  solution  in  alcohol  (90  per  cent.)  is  the  Liquor 
'J'rinitrini,  B.P.  Its  .sp.  gr.  is  0'S40. 

Besides  glycerin  itself  {Glycerinum,  B.P.),  there  are 
several  official  jirejiarations  of  glycerin — solutions  of  carbolic 
and  tannic  acids  and  of  borax  in  glycerin,  and  also  a sjiecies 
of  mucilag{!  of  starch  in  glycerin  — Glycerinum.  Acidi  Borici, 
Glycerinum  Acidi  Carholici,  Glycerinum  Acidi  'J'annici,  Gly- 
cerinum Aluminis,  Glycerinum  Amyli,  Glycerinum  Boracis,  Gly- 
cerinum Bep.sini,  Glycerinum  Plundn  Suhacctath,  and  Glycerinum 
Tragacantha’.. 

Fats  and  Oils 

Processes  oj  e.vtraclion. — I'ixcd  oils  and  fats  are  extracted 
from  animal  and  vegetable  substances  by  pressure  or  strain- 
ing, with  or  without  the  aid  of  heat,  or  by  digestion  in 
.solvents,  as  ether,  etc.,  and  evajioration  of  the  solvent. 

Gonstitution  and  general  relations. — P’ixed  oils  and  fats  are 
ethereal  salts  or  esters,  and  the  metallic  salts  (soaps)  obtained 
from  them  by  the  action  of  metallic  hydroxides  (by  saponi- 
fication) are  quite  comj)arable  with  the  salts  of  other  organic 
acids.  Just  as  potassium  acetate,  KC.,H.^O.„  is  a compound 
of  ]K)tassium  (K)  with  the  acid  radical  of  the  acetate.s, 
(C^H.jO.^),  so  soft  soap  is  a compound  of  potassium  with  the 
acid  radical  of  the  oleates,  (CjgHggO.,),  and  hence  is  chemically 
termed  potassium  oleate,  KCjgH.^gOg.  Olive  oil  (^Olcum  Olirn’, 
B.P.),  from  which  .soaj)  is  officially  prepared,  is  mainly  oleate 
of  the  trivalent  radical  g/ycery/,  (CgHg);  the  formula  of  this 
oleate  is  C3Hg(C^gH33()g)g,  and  its  name  oleine,  'fhe  forma- 
tion of  a soap,  therefore,  on  bringing  together  oil  and  a 
moist  oxide  or  hydroxide,  is  an  ortlinary  case  of  double 
decomposition,  as  seen  already  in  coiuiection  with  lead 
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plaster  (p.  252),  or  as  illustrated  in  the  following  equation 
representing  the  formation  of  common  hard  soap  ; — 

3NaOH  + C3H,(qsH330o)3  = 3NaC,3H330,  + C3H,(OH)3 

Sodium  Glyceryl  oleate  Sodium  oleate  Glyceryl 

hydroxide  (vegetable  oil)  (hard  soap)  hydroxide 

(caustic  soda)  (glycerin) 

Berthelot  has  succeeded  in  preparing  oil  artificially  from 
hydrogen  oleate,  or  oleic  acid,  HCjgHggO^,  and  glycerin  ; 
and  it  is  said  to  be  identical  with  the  pure  oleine  of  olive 
oil  and  of  other  fixed  oils. 

Olive  oil  is  liable  to  contain  cotton-seed  oil,  itself  a good 
oil,  but  cheaper  than  olive  oil  ; it  may  be  detected  by  Bechi’s 
test.  The  following  are  the  official  directions  for  carrying 
out  the  test: — If  10  e.c.  of  the  oil  be  shaken  with  2 c.c. 
of  a reagent  prepared  by  dissolving  1 gramme  of  silver 
nitrate  in  100  c.c.  of  absolute  alcohol,  with  the  addition  of 
20  c.c.  of  ether  and  one  drop  of  nitric  acid,  no  blackening 
should  occur  when  the  mixture  is  heated  on  a water-bath 
for  ten  minutes. 

Hard  fats  chiefly  consist  of  stcarine — that  is,  of  glyceryl 
tristearate,  C3H3(C^gH3-0.j3.  Mr  Wilson,  of  Price’s  Candle 
Company,  obtained  stearic  and  oleic  acids  and  glycerin  by 
simply  passing  steam,  heated  to  500°  or  600°  F.  (260°  or 
315'5°  C.),  through  melted  fat.  Both  the  glycerin  and  the 
fat-acids  distil  over  in  the  current  of  steam,  the  glycerh} 
dissolving  in  the  condensed  water,  the  fat-acids  floating  on 
the  aqueous  liquid.  F'rom  glyceryl  oleate  and  steam  there 
result  hydrogen  oleate  (oleic  acid)  and  glyceryl  hydroxide 
(glycerin).*  'I'he  oleic  acid  (^Aciduvi  Oleicam,  B.P.)  is 
separated  by  cooling  and  pressing  the  mixture.  It  is  a 
straw-coloured  licjuid,  nearly  odourless  and  tasteless,  and 
with  not  more  than  a very  faint  acid  reaction.  Unduly 
exposed  to  air,  it  becomes  brown  and  decidedly  acid. 
Sp.  gr.  0-890  to  O'OIO.  It  is  insoluble  in  water,  but  readily 
soluble  in  alcohol,  chloroform,  and  ether.  At  40°  to  41°  f\ 
(4-5°  to  5°C.)  it  becomes  semi-solid,  melting  again  at  56° 
to  60  F.  (1.3'3  to  1.5’5  C.).  It  should  be  comjiletely  saponi- 
fied when  warmed  with  potassium  carbonate  ; and  an  acpieous 

• Any  such  decomposition  of  water  and  fixjition  of  its  elements 
whether  direct  as  above,  or  indirect  througli  the  intermediate  aaency 
of  saponification,  is  termed  lu/droli/.vn  {iidoip,  hndOr,  water,  Ifio,  I 
decompose).  The  fixation  of  water  without  sucli  actual  separation 
of  its  elements  from  each  other  is  termed  hjidratiou. 
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solution  of  the  resulting  salt,  neutralized  by  means  of  acetic 
acid  and  treated  with  lead  acetate,  should  yield  a precipitate 
which,  after  washing  with  boiling  water,  is  almost  entirely 
soluble  in  ether,  showing  the  absence  of  any  important 
(piantity  of  stearic  and  palmitic  acids,  lead  stearate  and 
palmitate  being  insoluble  in  ether. 

In  a mixture  of  oils  or  fats  and  free  fatty  acids,  the  latter 
may  be  determined  by  taking  advantage  of  their  solubility  in 
alcoliol  (90  jier  cent.),  and  tlie  formation  of  a neutral  soap  on 
shaking  the  alcoholic  solution  with  caustic  soda,  phenol- 
])hthalein  being  used  as  indicator.  (A’ce  the  section  on  the 
use  of  standard  sodium  hydroxide  solution  in  volumetric 
analysis.) 

The  autlior  found,  Pharvuicculical  Journal,  March  1863, 
that  oleic  acid  readily  combines  with  alkaloids  and  most  of 
the  metallic  oxides  or  liydroxides  forming  olcaks  which  are 
soluble  in  fats.  In  this  way  active  medicines  may  be  admin- 
istered internally  in  conjunction  with  oils,  or  externally  in 
the  form  of  ointments  (I I i/(lrargij7'i  Olcax,  B.P.,  Ungiicnlum 
I Ij/tlrai'gi/ri.  Olealls,  B.P.,  and  Vnguenlum  Zinci  O/ealix,  B.P.  ; 
Olealum  rcrahina;,  U.S.P.).  Tichborne  considers  the  formula 
of  mercuric  oleate  to  be 

Some  fats,  such  as  '‘suint”  from  sheep’s  wool,  and  the 
unctuous  matter  from  bristles,  feathers,  horn,  and  hair  gene- 
rally, yield  by  saponification,  etc.,  fatty  acids  and,  instead 
of  glycerin,  cholexlcrin,  a crystalline  monatomic 

alcohol.  'I’he  ‘‘lanoline”  of  jiharmacy  is  cholesterin  fat 
which  has  absorbed  a large  volume  of  water. 

Wool  Fat  {Adepx  Lame,  B.P.)  is  “the  purified  cholesterin- 
fat  of  sheeji’s  wool.”  It  is  “ a yellowish,  tenacious,  unctuous 
substance  ; almost  inodorous  ; melting-point  varies  from  104 
to  112°  F.  (40°  to  44-4°  C.) ; readily  soluble  in  ether  or  in 
chloroform,  sjiaringly  soluble  in  alcohol  (90  per  ^ cent.)- 
1 gramme  should  dissolve  almost  completely  in  75  cubic 
centimetres  of  boiling  alcohol  (90  per  cent.),  the  greatci 
part  separating  in  flocks  on  cooling.  When  incinerated  ^^it  i 
free  access  of  air,  it  leaves  not  more  than  0'3  per  cent,  of  ash, 
which  should  not  be  alkaline  to  litmus.  10  grammes  dis- 
solved in  25  cubic  centimetres  of  ether,  two  drops  of  solution 
of  iihenol-phthalein  being  added,  should  not  require  more  tluin 
01  cubic  centimetre  of  volumetric  solution  of  .sodiunniydroxic  e 
to  produce  a permanent  red  coloration  (limit  of  acidity).  ® 
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solution  in  chloroform  poured  gently  over  the  surface  of 
sulphuric  acid  acquires  a purple-red  colour.  Heated  with 
solution  of  sodium  hydroxide,  no  ammoniacal  odour  should  be 
evolved  (absence  of  nitrogenous  animal  matter).” 

Hydrous  Wool  Fat  (^Adeps  Lamn  Hi/droxns,  13. P.)  is  an 
intimate  mixture  of  7 |)arts  of  wool  hit  with  3 of  water.  It 
is  commonly  known  as  “ Lanoline.”  It  is  “yellowish  white  ; 
free  from  rancid  odour.  When  heated  it  separates  into  an 
upper  oily,  and  a lower  aqueous,  layer.  10  grammes  heated 
on  a water-bath,  with  stirring,  until  the  weight  is  constant, 
should  yield  not  less  than  7 grammes  of  residue,  which  should 
answer  to  the  tests  for  Wool  Fat.” 

Soaps 

Olive  oil  boiled  wdth  solution  of  caustic  potash  yields 
\mt&ssium  soap,  or  soft  soap  (^Sajx)  Mo//is‘,  B.P.);  w'ith  caustic 
soda,  sodium  soap,  or  hard  soap  {Sapo  Durus,  B.P.),  or  ichiLc 
Castile  snap,  as  distinguished  from  the  variety  of  hard  Castile, 
or  Marseilles  soap,  which  is  “ mottled  ” by  iron  soaj.  ; mixed 
' with  ammonia  and  almond  oil,  an  ammonium  soaj)  (^Liiii- 
mcnlum  Ammonia:,  B.P.),  and  with  lime-water,  calcium  soaj) 

I (JAnimenlum  Calais,  B.P.), — all  containing  oleates,  chiefly,  of 
' the  resjiective  metallic  radicals.  Their  mode  of  formation  is 
i indicated  in  the  equation  on  j).  509.  The  alkali-metal  soaj)S 

are  soluble  in  alcohol,  the  others  insoluble.  A green  soaj), 

II  much  used  on  the  continent  of  Fmrope,  and,  indeed,  official 
il  in  Germany  (formerly  as  Sapo  Viridis,  now  as  Sapo  Kalinus 
I f’ena/is),  is  made  by  adding  indigo  to  ordinary  soft  soaj) ; the 

yellow  colour  of  the  soaj)  yielding  with  the  indigo  a greenish 
comj)ound.  The  official  characters  of  Hard  Soaj)  are: — 

a “ greyish-white,  dry,  inodorous;  becomes  horny  and  j)ulveriz- 
al)le  when  kej)t  in  dry  warm  air.  Easily  moulded  when 
|f  heated.  Soluble  in  alcohol  (90  j)cr  cent.),  especially  on 
|r  warming.  Soluble  in  20  j)arts  of  cold  water,  and  in  1.',  j)arts 

i'  of  hot  water.  It  does  not  imj)art  a grea.sy  st;iin  to  white  im- 

V glazed  j)aj)cr.  Incinerated  it  yields  an  ash  which  does  not 
deliquesce.”  And  of  Soft  Soaj) yellowish-white,  .some- 
f times  yellowish-green,  almost  inodorous,  of  an  uncluous  coll- 
ie sistcnce.  Readily  soluble  in  alcohol  (90  j)cr  cent.),  esjiecially 
^ on  warming,  the  lujuid,  on  filtration,  yielding  not  more  than 
’ 3 j)cr  cent,  of  residue.  It  does  not  imj)art  an  oily  stain  to 

'*  J)aj)er.  Incineiated  it  yields  an  ash  which  is  very  deli(|ues- 


512 


ORGANIC  CHEMISTRY 


cent,  and  which  should  afford  no  reaction  with  the  tests  for 
copper.”  Curd  Soap  {Sapo  Animalix,  B.P.)  is  a ‘^soap  made 
with  sodium  h}'droxide  and  a purified  animal  fat  consisting 
princijmlly  of  stearin.”  It  will,  of  course,  chiefly  contain 
sodium  stearate.  In  pharmacy  it  is  often  advantageously 
employed  instead  of  the  “ hard  soap.” 

The  hard  soap  met  with  in  commerce  is  made  from  all 
varieties  of  oil,  the  commoner  kinds  being  simply  the  product 
of  the  evaporated  mixture  of  oil  and  caustic  soda,  while  the 
better  sorts  have  been  separated  from  alkaline  impurities  and 
from  the  glycerin  produced  on  boiling  the  oil  with  caustic 
soda  lye,  by  the  addition  of  common  salt,  or  of  excess  of  lye, 
to  the  li(juors,  which  causes  the  precipitation  of  the  pure  soap 
as  a curd.  Potash  soap  is  not  so  readily  precipitable  by  salt ; 
moreover,  some  soda  soap  results.  Saponification  on  the  small 
scale  is  much  facilitated  by  first  well  mixing  the  oil  with  5 
per  cent,  of  sulphuric  acid,  and  letting  this  mixture  stand  for 
twenty-four  hours.  The  dark  product  is  then  readily  soluble 
when  boiled  with  caustic  soda,  and  the  clear  licpiid  yields  a 
crust  of  white  .soap  on  cooling.  If  required  (piite  free  from 
alkali,  the  resulting  soap  is  boiled  with  water  until  dissolved, 
salt  is  added,  and  the  Avhole  cooled.  A cake  of  pure  soap 
results. 

Soap  prepared  for  the  use  of  Mahommedans  and  Hindoos 
should  not  contain  hog  fat  or  its  oleine  or  steai’ine.  As 
regards  the  official  Sapo  Diinix,  the  Gov.  Ind.  Edit.  1901,  of 
the  B.P.  Add.  1900,  has  the  following  paragraph.  ‘Hu 
India,  Arachis  Oil  or  Sesame  Oil,  but  no  other  oil  or  lat,  may 
be  employed  instead  of  Olive  Oil  in  making  the  official  Hard 
Soap.”  See  also  under  “ Lard  ” and  “ Benzoated  Lard.” 

The  cleansing  action  of  soap  is  really  the  cleansing  action 
of  a dilute  solution  of  alkali,  a small  quantity  of  soap  inter- 
acting with  a large  quantity  of  water  to  form  acid  stearates 
and  palmitates,  and  even  acid  oleates  after  a time,  which 
separate  from  the  solution,  and  free  alkali,  which  remains  in 
solution. 

Yellow  soap  is  a common,  cheap  soap,  containing  a good 
deal  of  resin  soap,  resin  consisting  chiefly  of  acids — pinic, 
sylvic,  pimaric,  etc. — which  readily  interact  with  alkalies  to 
form  true  soaps. 

Saponijicalion. — This  term  is  now  extended  in  chemistry 
so  as  to  include  any  process  analogous  to  the  foregoing,  any 
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reaction  in  which  an  alkali  decomposes  an  ethereal  salt  or 
alkyl  salt  (ester). 

Solid  Fats 

1.  Lard  (Jdeps,  B.P.)  is  the  purified  internal  fat  of  the 
abdomen  of  the  hog — the  perfectly  fresh  omentum  or  flare, 
freely  exposed  to  the  air  to  dissipate  animal  odour,  rubbed  to 
break  up  the  membranous  vesicles,  melted  at  about  130°  F. 
(54-4°  C.),  and  filtered  through  jjaper  or  flannel.  2.  Benzoaled 
Lard  {^Adeps  Benzoaliis,  B.P.)  is  lard  heated  over  a water-bath 
wuth  benzoin  (fifty  parts  to  one  and  a half),  which  communi- 
cates an  agreeable  odour  and  prevents  or  retards  rancidity. 
Purified  lard  is  a mixture  of  oleine  and  stearine.  The  oleine 
removed  by  pressure  {lard  oil)  leaves  Adeps  Induratus,  B.P., 
1898,  and  B.P.  Add.  1900,  an  article  which,  how'ever,  being 
derived  from  the  hog,  is  omitted  from  the  special  “ Govern- 
ment of  India  Edition,”  1901,  of  the  Ind.  and  Col.  Add.  1900, 
its  place  being  taken  by  Prepared  Suet  and  the  place  of 
Benzoated  Lard  by  Benzoated  Suet  {Sevmn  Benzoalum,  Gov. 
Ind.  Edit.  1901,  of  B.P.,  Add.  1900)  obtained  by  the  official 
process  for  benzoating  lard.  Margarine,  formerly  supposed 
to  be  a constituent  of  lard  and  other  soft  fats,  is  now  regarded 
as  a mere  mixture  of  palmiline  (the  chief  fat  of  palm-oil)  and 
stearine.  3.  Suet,  the  internal  fat  of  the  abdomen  of  the 
sheep,  purified  by  melting  and  straining,  forms  the  official 
Prepared  Suet  {Sevum  Prceparalmn,  B.P.);  it  is  almost 
exclusively  composed  of  stearine,  or  glyceryl  stearate, 
C3Hj(CjgH3j0.2)3.  Tallow  is  chiefly  mutton-fat,  and  beef-fat, 
but  may  contain  other  animal  fats  ; some  vegetable  fats  also  are 
termed  tallow.  4.  Expressed  oil  of  Nutmeg,  commonly  but 
erroneously  termed  Oil  of  Mace,  is  a mixture  of  a little  volatile 
oil  with  much  yellow  and  white  fat ; the  latter  is  myristin  or 
glyceryl  myristate,  C3H3(Ci^H2-0.^)3.  5.  Oil  of  Ttieohroma, 

or  Cacao  butter  {()lcum  Thcohroniatix,  B.P.),  chiefly  stearine,  but 
with  one  higher  and  some  lower  hornologues  (Heintz),  is  a 
solid  fat  pressed  from  cocoa  nibx,  the  roasted  and  broken  seeds 
of  the  Theohroma  Cacao.  The  seeds  contain  from  one-half  to 
two-thirds  of  this  fat.  [Cocoa  is  too  rich  for  use  as  food, 
hence  it  is  diluted  with  farina  (affbrding  “c7ieay;  cocoa  ”)  or 
sugar  (affording  chocolate)  or  has  a portion  of  its  fat  extracted, 
while  its  solublity  is,  in  certain  brands,  usefully  increased  by 
a process  which  results  in  a slight  addition  to  the  potassium 
salts  of  its  ash,  chiefly  to  the  potassium  phosphate.]  G.  Cocoa- 
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nut  oil  or  butter,'  a soft  fat  contained  in  the  edible  portion  of 
the  nut  of  Cocos  nucifera,  or  cocoa-nut  of  the  shops,  is  a 
mixture  containing  glyceryl  compounds  of  six  acid  radicals — 
namely,  those  of  caproic  (C^Hj,,02),  caprylic  (C^Hj^Og),  rutic 
(CjoHjjiOg),  lauric  (CjgH.,,,©.,),  myristic  (C^^H^wOg),  and  pal- 
mitic (CjyHgjOj)  acids — whicli,  like  some  acid  radicals  from 
resin,  wlien  united  with  sodium,  form  a soap  differing  from 
ordinary  liard  soap  (sodium  oleate)  by  being  tolerably 
soluble  in  a solution  of  sodium  chloride ; lienee  the  use  of 
cocoa-nut  oil  and  resin  in  making  marine  soap,  a soap  which 
for  the  reason  just  indicated,  readily  yields  a lather  in  sea- 
water. 7.  Kokum  Butler,  Garcinia  Oil,  or  Concrete  Oil  of 
Mangostecn,  a wliitish  or  yellowisli-white  fat  obtained  from 
the  seeds  of  Garcinia  Indica  or  G.  purpurea,  is  composed  of 
stearine,  myristicine,  and  oleine.  It  is  recognised  in  the 
old  Pharmacopoeia  of  India  (^Garcinice  purpurea;  Oleum). 

Butler  commonly  yields  87^  per  cent,  of  insoluble  fat  acids 
on  saponific/ition  and  decomposition  of  the  soap  by  acid. 
Other  animal  fats,  with  which  butter  is  likely  to  be  adulter- 
ated, yield  about  95^.  Hence  the  percentage  of  fat  acids, 
and,  especially,  volatile  acids,  insoluble  acids,  and  soluble 
acids,  yielded  by  a suspected  sample  of  butter,  indicates 
purity  or  the  opposite.  Occasionally,  however,  a sample  of 
genuine  butter  may  not  conform  to  the  figures,  hence  they 
cannot  be  relied  on  to  show  the  exact  extent  of  sophistication. 

Fixed  Oils 

Fixed  and  Volatile  oils  are  naturally  distinguished  by  their 
behaviour  when  heated;  they  also  differ  in  their  chemical 
nature,  a fixed  oil  being,  as  already  stated,  an  ethereal  salt, 
while  a volatile  oil  is  usually  a hydrocarbon  of  some  kind, 
mixed  with  a comparatively  small  proportion  of  a substance 
containing  oxygen  as  well  as  carbon  and  hydrogen  to 
which  the  odour  of  the  oil  is  largely  due.  Substances  of  the 
latter  kind  are  now  articles  of  trade  under  the  name  of  “con- 
centrated essential  oils.” 

Brping  and  Nofi-diying  Oils. — Among  fixed  oils,  most  of 
which  are  glyceryl  oleate  with  a little  palmitate  and  steai’atc, 
a few  such  as — 1.  Linseed  oil  (^Oleuni  Lini,  B.P.,  contained  in 
Linum,  B.P.,  which,  when  reduced  to  a coarse  powder,  is 
crushed  linseed,  Linum  Contusum,  B.P.),  and  2.  Cod-liver  oil 
{Oleum  Morrhuce,  B.P.),  and,  to  some  extent,  castor  and  croton 
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oils,  are  known  as  (hi/ing  oils,  from  the  readiness  with  which 
they  absorb  oxygen  and  become  hardened  to  a resin.  Linseed 
commonly  contains  37  or  38  per  cent,  of  oil ; 25  to  27  per 
cent,  is  obtained  by  submitting  the  ground  seeds  to  hydraulic 
pressure,  10  to  12  per  cent,  remaining  in  the  residual  oil-cake. 
Boiled  oil  is  linseed  oil  which  has  been  boiled  with  lead  oxide. 
This  treatment  increases  the  already  great  tendency  of  linseed 
oil  to  resinify,  forming  linoxyn  on  exposure  to  air.  The  drying 
oils  appear  to  contain  linoleine,  an  oily  substance  distinct 
from  oleine.  Cod-liver  oil  contains  an  unimportant  trace  of 
iodine,  1 in  one  or  two  million  parts,  according  to  Stanford  ; 
a little  choline  is  found  also,  and  other  bases,  Gautier  and 
Mourgues  having  isolated  aselline,  C25Hg2N^  and  morrhuine, 
CjgH.^-Ng,  besides  butyl-,  amyl-,  and  hexyl-amines  and 
dihydro-lutidine.  Among  the  non-drying  oils  are  the  follow- 
ing ; — 3.  Almond  oil  {Oleum  Amygdalae,  B.P.),  yielded  both  by 
the  bitter  {Amygdala  Amara,  B.P.)  and  the  sweet  seed 
{Amygdala  Dulcis,  B.P.),  to  the  extent  of  45  and  50  per  cent, 
respectively.  4.  Lycopodium,  a yellow  powder  composed  of 
the  spores  of  the  common  Club-Moss  {Lycopodium  clavatuni), 
contains  a large  proportion  of  a very  fluid  fixed  oil  ; also  an 
alkaloid  (Bodeker),  lycopodine,  Cg^HjgNgOg.  5.  Oil  of  male 
Jem  {Filix  Mas,  B.P.),  a vermifuge  obtained  by  exhausting 
the  rhizome  with  ether  and  removing  the  ether  by  evapora- 
tion— a dark-coloured  oil  containing  a little  volatile  oil  and 
resin,  and  officially  termed  an  extract  {Exlraclum  Filicis 
lAquidum,  B.P.).  Its  active  constituent  appears  to  he.Jilmaron, 
C^^H-^Oj,;,  a bright  yellowish-brown  powder,  insoluble  or 
sparingly  soluble  in  water  and  alcohol,  but  easily  soluble  in 
ether,  acetone,  etc.  By  certain  decompositions  filmaron  yields 
Jilkric  acid,  Cj^Hj^Or,.  The  extract  also  contains  flavaspidic  acid, 
aspidinol,  and  other  substances.  G.  Fixed  oil  of  mustard,  a 
bland,  inodorous,  yellow  or  amber  oil,  yielding  by  saponification 
and  action  of  sul[)huric  acid,  glycerin,  oleic  acid,  and  crude  acid, 
(Darby).  7.  Aractiis  oil  {Oleum  Arachis,  B.P.  Add! 
1900,  and  P.I.)  is  found  to  the  extent  of  40  or  50  per  cent,  in 
the  seeds  of  the  Arachis  liypogaea,  the  Pea-nut,  Ground-nut,  or 
Earth-nut  (so-called  because  the  pod  of  the  herb  by  the 
growth  of  its  stalk  downwards  is  forced  beneath  the  surface 
of  the  ground  and  there  ripen.s).  It  is  chiefly  oleine,  but 
conbiins  hypogaeine,  palmitine,  and  arachine.  The  oil  is 
largely  used  in  India  in  place  of  olive  oil,  and  is  becoming 
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much  employed  in  Europe,  especially  for  soap-making. 
8.  Olive  oil  {Oleum  Olivcv,  B.P.),  already  noticed.  9.  Slun^c- 
liver  oil,  from  S<jualus  carcharim  {Oleum  Squalce,  P.I.),  is  used 
as  a substitute  for  cod-liver  oil  in  India.  10.  Croton  oil 
{Oleum  Crolouis,  B.P.).  Gcuther  states  that  no  such  acid  as 
crotonic  is  obtainable  from  croton  oil,  but  acetic,  butyric, 
valerianic,  and  higher  members  of  the  oleic  series,  together 
with  tiglic  ami,  HC^H^O^.  H.  Senier  states  that  alcohol 
sejiarates  croton  oil  into  a soluble  oil  containing  the  powerful 
vesicating  principle  of  croton  oil  and  an  insoluble  non- 
vesicating but  powerfully  purgative  jirinciple.  Robert  states 
that  free  crotonoleic  acid  is  both  the  vesicant  and  the  purga- 
tive. 11.  Sesame  oil  {Oleum  Sesami,  B.P.  Add.  1900;  Gingelly, 
Teal,  or  Bcnne  Oil)  from  the  seeds  of  Sesamum  inclicum,  is 
also  largely  used  in  hhirope.  It  has  most  of  the  characters  of 
the  best  olive  oil.  It  may  be  detected  in  olive  oil  by  well 
shaking  the  sample  with  a solution  of  pyrogallol  in  concen- 
trated hydrochloric  acid,  and  separating  and  boiling  the  acid 
liijuid,  a purjdish  colour  resulting  if  sesame  oil  be  present. 
12.  (ji/nocanlia  oil  {Oleum  Gi/nocardue,  B.P.  Add.  1900)  or 
('hauimoogra  oil,  from  the  seeds  of  Gijnocardia  odoratn  {Cliaul- 
mugra,  P.I.).  It  consists  of  gynocardic,  palmitic,  hypoga'ic, 
and  cocinic  glycerides,  with  some  gynocardic  and  palmitic 
acids  (Moss).  13.  Castor  oil  {Oleum  Ricini,  B.P.)  is  chiefly 
glyceryl  rmnoleate,  C3Hj(CjgH3303).j,  or  ricinoleine,  a slightly 
oxidized  oleine,  soluble,  unlike  most  fixed  oils,  in  alcohol  and 
in  glacial  acetic  acid.  Castor-oil  seeds  were  stated,  by  Tuson, 
to  contiiin  an  alkaloid,  ricimne,  to  which  Beck  gave  the 
formula  C„^H3,,N,y03.  Soave  holds  that  ricinine  is  not  an 
alkaloid  and  that  its  formula  is  Cj^HjgN^O^.  It  possesses  no 
purgative  property.  Castor-oil  seeds  also  contain  an  albu- 
mose,  ricin,  resembling,  physiologically,  but  not  (juite  chemi- 
cally, the  ahrin  of  jequirity. 


Trihydric  Alcohols  of  the  CnHo„_!i(OH)g  series. 

Pyrogallol  or  Pyrogallic  acid.  — Trihydroxybenzene, 

C3Hg(OH)3.  GScc  p.  394.) 


Polyhydric  alcohols.  Erythritc.  or  TAchen  Sugar,  C,II|j(OH)j> 
found  in  Protococcus  vulgaris,  Roccella  tiuctoria,  and  R.  J«ci- 
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fonnis,  is  one  of  the  few  known  telra/ii/dric  alcohols.  Qiiercite, 
the  sugar  of  acorns,  is  pcntahi/dric ; Mannite  is  hcxahijdric. 
Sorhilc,  which  is  also  hexahydric,  occurs  in  the  fruits  of  the 
order  liosacccv. 

Mannite,  C^Hg(OH)^.. — Boil  manna  with  16  or  IG  parts  of 
alcohol  (90  per  cent.),  filter,  and  set  aside  ; mannite  separates 
in  colourless  shining  crystals  or  acicular  masses,  to  the 
extent  of  from  60  to  80  per  cent,  of  the  manna.  It  is 
closely  related  to  the  ordinary  sugars,  fructose  (levulose) 
)’ielding  mannite  by  the  action  of  nascent  hydrogen  (sodium 
amalgam)  : — 

C,H,.A  + 2H  = 

Fructose  Hydrogen  Mannite 

.Mannite  or  mannitol  does  not  undergo  fermentation  in 
contact  with  yeast.  With  nitric  acid  it  forms  explosive 
nitromannitc,  CgHg(N03),;. 

Manna  is  a concrete  saccharine  exudation  obtained  by 
making  transverse  incisions  in  the  stems  of  cultivated  trees 
of  Fraa-inu.s  Ornius.  It  occurs  in  stalactitic  pieces,  varying 
in  length  and  thickness,  flattened  or  somewhat  concave  and 
of  a pale  yellowish-brown  colour  on  their  inner  surface,  and 
nearly  white  externally.  This  manna,  which  is  known  as 
flake  manna,  is  crisp,  brittle,  porous,  crystalline  in  structure, 
and  readily  soluble  in  about  six  parts  of  water.  Odour  faint, 
resembling  honey ; taste  sweet  and  honey-like,  combined 
with  a slight  acridit}'  and  bitterness.  It  contains  about  10 
per  cent,  of  moisture.  Mannite  is  also  met  with  in  celery, 
onions,  asparagus,  certain  fungi  and  sea-weeds  ; it  occurs  in 
the  exudations  of  apple-trees  and  pear-trees,  and  is  produced 
during  the  vi.scous  fermentation  of  sugar.  When  oxidized  it 
yields  first  the  sugar  termed  mannose,  CH.,OH(CIIOH),COII, 
then  some  mannonic  aeid,  CIIT)Il(CHOHj  COOM,  and  finally 
saceharie  acid,  (CH()IJ)|(CO()II).,. 

Didcite,  isomeric  with  mannite,  is  formed  by  the  action  of 
S(.dium  amalgam  on  galactose  (from  milk  sugar).  It  differs 
from  mannite  by  yielding  mucie  aeid,  ((:H()1I),|(C0()II)3, 
isomeric  with  saccharic  acid,  when  oxidized  with  nitric 
acid. 
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QUESTIONS  AND  EXERCISES 

Describe  the  process  for  the  preparation  of  ether,  giving  equations. — 
How  is  cominercial  ether  purified  ? — How  is  phenol  artificially  and 
conimereially  prepared? — How  would  you  distinguish  carbolic  acid 
from  creosote  ? — Give  the  formulae  and  systematic  names  for  picric 
acid,  sodium  carbolate,  and  resorcin. — Give  names  for  the  substances 
having  the  formulae  CijHjOH  CH;,  and  C,jHr,CHoOH. — What  are 
glycols  and  how  are  they  prepared  ? — Give  formula  and  mention  the 
chief  properties  of  glycerin. — What  is  the  specific  gravity  of  glycerin? 
— By  what  tests  is  glycerin  recognised  ? — Enumerate  some  oflicial  pre- 
p.'irationsin  which  glycerin  is  employed. — Give  a sketch  of  the  general 
chemistry  of  fixed  oils,  fats,  and  soaps. — What  is  the  difference 
between  hard  and  soft  sofip  ? — Which  soaps  are  oflicial  ? — Name  the 
source  of  lard.  How  is  " Adeps,  B.P.,”  obtained? — Mention  the  chief 
constituents  of  suet.  — Whence  is  cacao-butter  obtained?  — Why  is 
marine  soap  so  called,  and  from  what  fatty  matter  is  it  almost  ex- 
clusively ]>reparcd? — What  do  you  understand  by  drj/in(f  and  non- 
dri/in;/  oils  ? — In  what  respect  does  ca.stor  oil  differ  from  other  oils  ? — 
I low  is  oil  of  male  fern  ( Extractum  Filicis  Lvjuidum,  B.  P. ) prepared  ? — 
Classify  pyrogallol  {Fj/roi/(dlir,  acid),  erythrite,  mannite,  and  dulcite. 
— Describe  the  source  and  characters  of  manna. 


ALDEHYDES  AND  ACIDS 


Aldehydes  and  acids  may  be  formed  by  the  oxidation 
of  tlie  jn'imary  alcohols,  glycols,  etc.  Monohydric  alcohols, 
having  only  one  hydroxyl  (Oil)  group,  form  monobasic 
acids,  dihydric  alcohols  (glycols)  having  two  hydroxyl  groups, 
yield  monobasic  and  dibasic  acids  ; and  so  on.  Thus  : — 

CHjCH.OHj  i^lj3|OTXOin  „d| CH,COOH 

Ethyl  alcohol  j fAcetaldohydoJ  t Acetic  acid 


CHgOH  ' 
CH2OH 

Glycol 

or 

Ethylene  glycol. 


yields  CHgOH' 

f 

1 

COH 

■and^ 

Glycolaldehyde' 

and  COH  ' 

1 

also  1 

COH 

1 

and  I 

Oxalaldoliyde 
3 or  Glyoxal 

CHgOH 

I 

COOH 

Glycollio  acid 

COOH 

I 

COOH 

Oxalic  acid 


Jl  will  he  seen  lhal  (he  groups  COH  and  COOJI  dende 
respectively  an  aldehijdc  and  an  acid,  the  H in  the  COOl 
group  being  replaceable  by  a metal,  as  in  the  case  o 
CHg'CO’ONa  (sodium  aeetate). 
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Acids  may  also  be  obtained  by  acting  on  the  nitriles*  (or 
cyanides  of  the  hydrocarbon  radicals)  with  hydrochloric 
acid  and  water.  Thus  : — 

CH3CN  + + HCl  = CH3COOH  + NH^Cl 

Acetonitrile  Water  Hydrochloric  Acetic  acid  Ammonium 

acid  chloride 

Many  aldehydes  and  acids  occur  in  nature  ; for  example,  oil  of 
meadow-sweet  (salicylaldehyde),  oil  of  bitter  almonds  (benz- 
aldehyde),  tartaric  acid,  citric  acid,  etc. 

General  Reactions. — Aldehydes  form  crystalline  compounds 
with  acid  potassium  sulphite ; by  oxidation  they  yield  acids, 
and  by  the  reducing  action  of  nascent  hydrogen  they  yield 
alcohols  ; while  acids  yield  aldehydes  and  then  alcohols  by 
reduction  with  nascent  hydrogen.  With  oxides,  hydroxides, 
carbonates,  and  sometimes  with  metals,  acids  form  metallic 
derivatives  (salts).  With  the  alcohols,  acids  yield  alkyl  f or 
ethereal  salts,  as,  for  instance,  acetic  ether.  By  the  action 
of  the  chloride,  iodide,  or  bromide  of  phosphorus  their  hy- 
droxyl group  is  replaced  by  chlorine,  iodine,  or  bromine  ; — 

3CH3COOH  -t-  PCI3  = 3CH3CO-C1  + PO3H3 

Acetic  Phosphorus  Acetyl  Phosphorous 

acid  trichloride  chloride  acid 

Like  inorganic  acids,  they  form  anhydrides  by  the  elimina- 
tion of  water : — 

2CH3COOH  - H,0  = ch'co}^ 

Acetic  acid  Water  Acetic^anhydride 

* The  nitriles  may  be  prepared  by  the  interaction  of  the  halogen 
derivatives  of  the  hydrocarbons  with  potassium  cyanide  : — 

CHXl  + KCN  = CH3CN  + KCl 

Methyi  Potassium  Metliyl  cyanide  Potassium 

chloride  cyanide  or  acetonitriio  chloride 

The  reactions  of  nitriles  indicate  that  the  hydrocarbon  radical  is 
united  to  the  carbon  of  the  cyanogen  group.  In  the  isomeric  sub- 
stances called  isonilriles  or  carhamines  (obtained  by  the  interaction  of 
the  halogen  derivatives  of  the  hydrocarbons  with  silver  cyanide)  the 
hydrocarbon  radical  appears  to  be  united  to  the  nitrogen  of  the 
cyanogen  group. 

\ Alkyl  Salts.  Alkyl,  irom  the  Arabic  article  al,  the,  as  in  alkali, 
alcohol,  etc.,  and  the  termination  common  to  the  names  of  such 
radicals  as  ethyl,  amyl,  and  phenyl,  and  as  seen  in  methyl,  the 
prototype  of  such  names.  In  Germany  the  word  esle.r  {see  p.  462), 
a mere  variation  of  the  word  ether,  is  similarly  employed.  In  the 
scientific  chemistry  of  both  countries  it  is  thus  sought  to  restrict 
to  the  org.anic  radical  oxides,  as  common  ether, 
(C.jH5),jO  {Aither,  B.P.). 
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The  important  aldehydes  and  acids  will  now  be  men- 
tioned. 


The  Acetic  Sci'iex  of'  Monobasic  Acids,  CnH,„+^CO'OH. 

These  acids  are  formed  by  the  two  general  methods 
given,  namely,  from  primary  alcohols  of  the  ethyl  series 
and  from  cyanides  of  the  ])araffin  hydrocarbon  radicals. 

Formic  Acid,  H'COOH.  See  p.  370.  Formaldehyde, 
H'COH,  is  obtained  by  passing  a mixture  of  meth)d  alcohol 
vapour  and  air  over  a heated  spiral  of  metallic  copper. 
At  ordinary  temperatures  it  is  a gas  which  dissolves  readily 
in  water.  An  acjueous  solution  of  formaldehyde,  commerci- 
ally known  as  “ formalin,”  is  largely  used  as  an  antiseptic 
and  disinfectant.  'This  solution  contains  about  40  per  cent, 
of  formaldehyde,  HCOH,  and  is  a liquid  of  suffocating 
odour.  When  evaporated  over  sulphuric  acid,  a polymeride, 
paraj'ormahlchfde,  is  formed  ; and  when  allowed  to 
remain  in  contact  with  lime-water,  another  polymeride, 
j'oiinose,  is  produced,  which  is  a mixture  of  sugars. 
'This  ])olymerisation  of  an  aldehyde  is  of  interest  as  suggest- 
ing methods  for  ])rcparing  sugars  by  synthesis. 

Acetic  Acid,  CIIj^COOH  (Methyl-formic  acid).  Obtained 
by  oxidizing  ethyl  alcohol  and  in  other  ways.  See  p.  318. 

Aldehi/de,  or  Accta/dchi/de,  C^HjO,  or  CHgCOH. 

K.rperiment. — Place  together,  in  a caj)acious  test-tube  (or 
flask),  about  four  parts  of  potassium  bichromate  and  twelve 
of  water  ; cautiously  mix  four  parts  of  alcohol  with  five  of 
concentrated  sulphuric  acid,  and  allow  the  mixture  to  flow 
slowly  through  a stopcock  funnel  on  to  the  contents  of  the 
tube,  and  gently  warm  the  mixture ; aldehyde  (a/cohol 
dc/nydrogenatum),  a highly  volatile  liquid,  is  immediately 
formed,  and  its  vapour  evolved,  recognisable  by  its  peculiar, 
somewhat  fragrant  odour.  Adapt  a cork  and  rather  long 
bent  tube  to  the  test-tube,  and  let  some  of  the  aldehyde 
.slowly  di.stil  over  into  another  test-tube,  the  condensing-tube 
being  kej)t  as  cool  as  possible.  Set  the  distillate  a.side  for  a 
day  or  two ; the  aldehyde  M'ill  have  nearl}'^  all  (lisaj)pearcd, 
and  acetic  acid  be  found  in  the  tube.  'Test  the  i-emaining 
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liquid  by  means  of  litmus-paper ; it  will  be  found  to  have  an 
acid  reaction : make  it  slightly  alkaline  by  adding  a drop  or 
two  of  solution  of  sodium  carbonate,  then  boil  to  remove  any 
alcohol  and  aldehyde  pi’esent,  add  sulphuric  acid,  and  notice 
the  characteristic  odour  of  the  acetic  acid  evolved. 

These  experiments  will  render  the  process  of  oxidation 
described  in  connection  with  acetic  acid  more  easily  under- 
stood. Pure  diluted  alcohol  is  not  oxidized  by  exposure  to 
air  alone  ; but  in  presence  of  the  ferment,  Mjjcoderma 
acefi,  it  is  oxidized  first  to  aldehyde<and  then  to  acetic  acid. 

In  the  above  process  the  potassium  bichromate  and  sul- 
phuric acid  furnish  nascent  oxygen,  which  then  acts  on  the 
alcohol  (just  as,  in  presence  of  the  ferment  mentioned  above, 
the  ox3’gen  of  the  air  acts  on  the  alcohol  in  fermented 
infusion  of  malt,  and  in  beer  or  wdne),  giving  aldehyde  : — 

aCHgCH.pH  + + 4H.^SO^ 

Alcohol 

= 3CH3COH  + K^SO^  + Cr2(SOJg  + 7HgO 

Aldehyde 

The  aldehyde  rapidly,  even  when  pure  (more  rapidlj^  when 
impure),  absorbs  oxygen  and  yields  acetic  acid : — - 

2CH3COH  + O3  = 2CH3COOH 

Aldehyde  Oxygen  Acetic  acid 

The  aldehyde  from  the  above  reaction  may  be  mixed  with 
twice  its  volume  of  ether,  j)laced  in  a bottle  surrounded  by 
ice,  and  saturated  with  dry  ammonia;  a crystalline  com- 
j)ound,  aldehyde-ammonia,  CHg'CH'OH-NH.,,  separates.  Pure 
aldehyde  may  be  obtained  from  this  by  distilling  with  dilute 
sulphuric  acid. 

Te.sl.s. — Aldehyde  heated  with  solution  of  caustic  potash 
gives  a brownish-yellow  resinous  mass  of  peculiar  odour. 
Its  aqueous  solution  reduces  silver  salts  giving  a mirror-like 
coating  to  the  inside  of  a test-tube.  When  acted  on  by 
plienol  dissolved  in  sulphuric  acid,  it  gives  a red  colour. 
Aldehyde  on  keeping,  or  in  contact  with  sulphuric  acid,  zinc 
chloride,  etc.,  yields  two  polymerides— metaldehyde,  .rCgll  iO, 
and  paraldehj'de,  Ci-Mj^Og,  the  latter  having  a characteristic 
odour.  The  oflieial  paraldehyde  (Paraldehjdim,  B.P.)  boils 
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at  255'2°  F.  (124°  C.),  dissolves  in  water,  alcohol,  or  ethei’,  is 
neutral,  and  should  not  become  coloured  on  standing  for  two 
hours  with  solution  of  potassium  hydroxide  (absence  of 
aldehyde).  It  may  be  congealed  to  a clear  crystalline  mass 
which  melts  at  about  50°  F.  (10°  C.). 


Chloral 

Chloral,  or  Irichloraldeki/dc,  CClgCOH,  is  a chlorine  sub- 
stitution derivative  of  aldehyde,  though  it  cannot  directly  be 
obtained  by  acting  on  aldehyde  with  chlorine,  because  con- 
densation products  are  formed. 


Expcrimenl. — Pass  a rajiid  current  of  dry  chlorine  into 
pure  absolute  alcohol  so  long  as  absorption  occurs.  During 
the  first  hour  or  two  the  alcohol  must  be  kept  cool,  and  after- 
wards gradually  warmed  till  ultimately  the  boiling-point  is 
reached.  The  crude  product  is  mixed  with  three  times  its 
volume  of  sulphuric  acid  and  distilled,  again  mixed  with  a 
similar  quantity  of  sulj)huric  acid  and  again  distilled,  and 
finally  rectified  from  quicklime. 


In  the  formation  of  chloral  it  would  seem  that  the  sub- 
stances first  formed  are  hydrochloric  acid  and  aldehyde,  the 
latter  of  which  instantly  combines  with  alcohol  to  form 
acetal  : — 


CHgCHgOH 

Alcohol 


-h 


Clg  = 
Chlorine 


CHgCOH 

Aldehyde 


-f  2HC1 

Hydrochloric  acid 


CHgCOH  -f  2CgH.OH  = CHg-CH-(OCgHg)2  -f  Hg^ 

Ahfehyde  Alcohol  Acetal  ^ 

Acetal*  by  further  chlorination  yields  trichloracetal : — 

+ 3HC1 


CHg-CH(OC.,Hg).,  -t-  3Cl,  = CClgCH-(OC2H5) 

Acetal  “ “ Chlorine  Trichloracetal 


Hydrochlorio 

acid 


Trichloracetal  when  acted  on  by  the  hydrochloric  acid 
yields  ethyl  chloride  and  chloral  alcoholate  : — 

CClgCH<^^2Ho  + HCl  = CClgCH<^^f^s  + C0H5CI 

Trichloracetal  ^ Chloral  alcoholate  Kthyl  chloride 


* Methulal,  CH.,(OCH,).,,  the  lowest  member  of  the  series,  is 
occasionally  used  as  a soporific. 
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From  tlie  alcoholate,  trichlor-aldchydc  or  chloral  is  liberated  by 
treatment  with  sulphuric  acid  : — 

CCl3-CH(OC..H,)OH  + H.SO4  = CCt.COH  + C-.H^HSOj  + H,0 

Cliloral  alcollolate  Bulpluiric  Chloral  Ethyl-hydrogen  Water 

acid  suliJhate 

Properties. — Chloral  is  a colourless  liquid,  of  oily  consist- 
ence. Sp.  gr.  1‘502.  Boiling-point  201 ‘2°  F.  (94°  C.).  Its 
vapour  has  a penetrating  smell,  and  is  somewhat  irritating  to 
the  eyes.  When  mixed  with  water,  heat  is  disengaged,  and 
solid,  white,  crystallizable,  chloral  hydrate,  CClgCH(OH)2 
{Chloral  Hydras,  B.P.),  results.  “Chloral  hydrate”  is  a true 
glycol,  its  systematic  name  being  trichlorethylidene  glycol : — 

C2H^(0H)2  CClgCHCOH)^ 

Ethylene  glycol  Trichlorethylidene  glycol 

Chloral  hj  drate  fuses  easily  when  heated,  solidifies  at  about 
120°  F.  (48-9°  C.),  boils  at  from  202°  to  206°  F.  (94-4°  to 
96‘7°  C.).  It  sublimes  as  a white  crystalline  powder.  Both 
chloral  and  chloral  hydrate  are  soluble  in  water,  alcohol, 
ether,  chloroform,  and  oils.  Oils  and  fats  are  also  soluble  in 
chloral  hydrate.  The  aqueous  solution  should  be  neutral, 
and  should  give  no  reaction  with  silver  nitrate.  Chloral, 
especially  if  it  contains  a trace  of  acid,  may  undergo  a spon- 
taneous change  into  an  opaque  white  isomeric  modification, 
metachloral,  insoluble  in  water,  alcohol,  or  ether,  but  convert- 
ible by  prolonged  contact  with  water,  or  by  distillation,  into 
the  ordinary  condition.  By  action  of  dilute  alkalies  chloral 
yields  alkali-metal  formate  and  chloroform : — 

CCI3COH  + KOH  = H-CO  OK  -t-  CHCI3 
Chloral,  or  rather  concentrated  aqueous  solution  of  chloral 
hydrate  (.3  in  4),  injected  beneath  the  skin  yields  chloroform, 
and  produces  narcotic  effects  (Liebreich,  Personne).  Chloro- 
form itself  admits  of  similar  hypodermic  use  (Richardson). 
If  administered  by  the  stomach,  thirty  to  eighty  grains  of 
I solid  hydrate  are  required.  The  final  products  of  the  reaction 
of  the  chloroform  and  blood  are  sodium  formate  and  chloride. 
A concentrated  alcoholic  solution  of  caustic  potash  effects 
an  analogous  change  ; — CHCL  + 4KOH  = FTCOOK  -f  3KC1  + 
2H,0. 

Solution  of  ammonia  and  moist  calcium  hydroxide,  as  well 
as  weak  solutions  of  fixed  alkalies,  convert  chloral  hydrate 
into  a metallic  formate  and  chloroform.  The  reaction  with 
the  slaked  lime  being  especially  definite  and  complete 
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(Wood),  it  may  be  employed  in  ascertaining  the  quantity  of 
chloral  hydrate  in  a sample  of  the  commercial  article. 
2CCl,CH(OH),  + Ca(OH),  = 2CHC1.,  + (HCOO),Ca  + 2H,0 
2xlk-15  2xli8-48 


From  the  foregoing  equation  and  molecular  weights,  it  is 
obvious  that  100  grains  of  chloral  hydrate,  if  quite  dry,  will 
yield  by  distillation  with  30  grains  of  slaked  lime  and  an 
ounce  of  distilled  water  (in  a small  Hask  with  a long  bent 
tube  kept  cool  by  moistened  paper)  72-18  grains  of  chloro- 
form by  weight  or  (the  sp.  gr.  of  chloroform  being  taken 
at  1--193),  about  52  minims. 


Small  (piantities  of  chloral  hydrate  in  dilute  solutions 
may  be  determined  l)y  converting  its  chlorine  into  a soluble 
chloride  by  treatment  with  zinc  and  acetic  acid,  and  titrating 
with  volumetric  solution  of  silver  nitrate  (Short).  A quantity 
of  solution  containing  not  more  than  0-05  gramme  is  placed 
in  a small  flask  with  granulated  zinc  and  acetic  acid,  and 
allowed  to  stand  twenty-four  hours  ; the  solution  is  then  poured 
off  and  the  zinc  washed  two  or  three  times  with  distilled  water, 
a little  ]H)tassium  chromate  added,  and  it  is  then  titrated 
with  dcci-normal  silver  nitrate  solution  in  the  usual  Avay,  the 
acetic  acid  and  zinc  acetate  not  interfering  with  the  indica- 
tions. 1000  c.c.  of  the  silver  solution  indicate  5’47  of 
chloral  hydrate. 

Pure  Chloral  H}  drate. — Liebreich,  who  first  proposed  the 
use  of  chloral  hydrate,  gives  the  following  as  the  character- 
istics of  the  ])ure  article  ; — Colourless,  transparent  crystals. 
Does  not  decompose  by  the  action  of  the  atmosi^here,  does 
not  leave  oily  spots  when  pressed  between  blotting-paper, 
affects  neither  eork  nor  pajier.  Smells  agreeably  aromatic, 
but  a little  pungent  when  heated.  Tastes  bitter,  astringent, 
slightly  caustic.  Seems  to  melt  on  rubbing  between  the 
fingers.  Dissolves  in  water  like  candy  without  first  forming 
oily  drops  ; and  the  solution  is  neutral  or  faintly  acid  to 
test-paper.  Dissolves  in  carbon  bisulphide,  ])ctroleum,  ether, 
water,  alcohol,  oil  of  turpentine,  etc.  Its  solution  in  chloro- 
form gives  no  colour  when  shaken  with  sulphuric  acid, 
lloiling-point  203°  to  205°  F.  (95°  to  9G-1°  C.).  It  volatilizes 
without  residue.  Distilled  with  suli)huric  acid,  the  chloral 
should  pass  over  at  205°  to  207°  F.  (96-1°  to  97'2°  C.).  It 
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melts  at  133°  to  136°  F.  (56°  to  57'7°  C.),  again  solidifying  at 
about  120°  F.  (48 '8°  C.).  Gives  no  chlorine  reaction  on 
treating  the  solution  in  water  (acidulated  with  nitric  acid) 
I with  silver  nitrate. 

Impure  Chloral  Hydrate.  — Yellowish,  cloudy.  Decom- 
poses ; leaves  spots  when  pressed  between  blotting-paper ; 
attacks  corks  and  the  paper  of  the  packing.  Has  a pungent 
and  irritating  smell ; on  opening  the  bottle  is  sticky  and  often 
emits  fumes.  Taste  strongly  caustic.  With  water  forms 
oily  drops  or  is  partially  insoluble.  Boils  at  a higher  tem- 
perature. On  treatment  with  sulphuric  acid  it  turns  brown, 
with  liberation  of  hydrochloric  acid.  Gives  chloride  reaction 
on  treating  the  solution  in  water  (acidulated  with  nitric  acid) 
with  silver  nitrate. 


Chloralose,  CgHj^ClgO^,  is  a derivative  of  chloral,  prepared 
by  heating  together  anhydrous  chloral  and  glucose,  then 
extracting  with  ether,  and  repeatedly  di.stilling  with  water. 

Chloral  alcoliolales  are  obtained  on  combining  alcohols 
with  chloral.  Chloi*al  alcoholate  or  trichlorethylidene  ethyl 

ether,  CClgCH^Q^  pj  is  obtained  by  mixing  alcohol  with 

chloral,  it  is  in  fact  “ chloral  hydrate  ” with  one  hydroxyl 
group  replaced  by  (OC.^H.). 

Hirschsohn’s  test  for  chloral  alcoholate  in  chloral  hydrate 
is  as  follows : — Add  to  1 gramme  of  chloral  hydrate  1 c.c.  of 
nitric  acid  of  sp.  gr.  T38  ; in  the  presence  of  chloral  alcoholate 
yellow  vapours  or  a yellow  liquid  will  result  at  ordinary 
temperatures,  or  on  warming. 


Broinal,  CBi-gCOH,  bromal  hydrate,  CBrgCH(OH)2,  and 
' bromal  alcoliolales,  are  produced  when  brorame  is  employed 
instead  of  chlorine  in  the  interaction  with  alcohol,  lodal, 
' CIjjCOH,  is  also  known. 

Butyl  Chloral,  CgH^ClgCOH,  originally,  but  erroneously, 
termed  croton  chloral,  is  a product  of  the  action  of  dry  chlorine 
on  cold  aldehyde.  Butyl-chloral  hydrate  {Butyl-Chloral  Hydras, 
B.P.)  or  hydrous  butyl  chloral  (wrongly  called  croton-chloral 
hydrate),  CgHjClgCH(OH).2(/n(,7</or/;H(y/«V/c7(eg/y(,'o/),  occurs  ‘‘in 
pearly  white  trimetric  laminae,  having  a pungent  but  not  acrid 
odour,  and  an  acrid  nauseous  taste.  It  fuses  at  about  172°  F. 
(77  8 C.)  to  a transparent  liquid,  which,  in  cooling,  com- 
mences to  solidify  at  about  160°  F.  (71T°  C.).  Soluble  in 
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about  50  parts  of  water,  and  in  its  own  weight  of  glycerin  or 
of  alcohol  (90  per  cent.) ; it  slowly  dissolves  in  20  parts  of 
chloroform.  The  aqueous  solution  is  neutral  or  but  slightly 
acid  to  litmus.  It  does  not  yield  chloroform  when  heated 
with  solution  of  potassium  hydroxide  or  with  milk  of  lime 
(absence  of  chloral  hydrate).” 

The  Acetic  Series  of  Acids — continued. 

Propionic  Acid  (ethyl-formic  acid),  C.,Hr,COOH,  is  pro- 
duced by  oxidation  of  propyl  alcohol. 

Hutijric  Acid  (propyl-formic  acid),  CgHyCOOH,  is  formed 
by  general  methods  ; also  during  the  fermentation  of  cheese. 
It  is  found  as  a glyceryl  salt  in  butter  (whence  the  name 
butyric  acid). 

I’dleridnw  or  Fdleric  Acid,  C|H,,COOII. — There  are  several 
isomeric  varieties  of  this  acid,  the  valerianic  acid  from 
valerian  and  angelica  root,  and  that  artificially  formed  from 
amyl  alcohol  (see  p.  491)  being  isovalerianic  acid,  or  isopropyl- 
acetic  acid,  CH(CHg)gCH.g'COOH,  the  normal  acid  having 
the  constitution  CHgCHgCllgCHg'COOH. 

Pdlmitic  Acid,  CjgHgjCOOH,  from  fats;  sledric  dcul, 
Cj-HggCOOH,  from  suet;  ccrolic  dcid,  CggHggCOOH,  from 
beeswax  ; and  melissic  dcid,  C.,,,HggCOOH,  from  beeswax  and 
from  carnauba  wax  (from  the  surface  of  the  leaves  of 
Copernicia  ceriferd,  a Brazilian  palm),  belong  to  the  acetic 
series. 

The  Ldclic  Series. 

Acids  of  the  Ldclic  Series,  C„H.j„(OH)COOH. — This  series 
embraces  hydroxy-derivatives  of  the  acetic  series,  one  atom 
of  hydrogen  being  replaced  by  the  hydroxyl  group. 

CHgCOOH  CH2(0H)C00H 

Acetic  acid  Hydroxyacotic  or  glycollic  acid 

Though  they  possess  only  one  carboxyl  (COOH)  group,  yet, 
having  an  alcoholic  hydroxyl  group,  they  may  sometimes 
have  two  of  their  hydrogen  atoms  replaced  by  metals. 

They  are  best  formed  by  hydrolysis  of  the  nitriles  pro- 
duced by  the  union  of  hydrocyanic  acid  with  aldehydes  or 
ketones  ; also  by  partial  oxidation  of  glycols  with  dilute  nitric 
acid  ; and  by  acting  on  monochloro-derivatives  of  the  acids 
of  the  acetic  series  with  moist  silver  oxide  : — 

2CH„C1-C00H  + AgP  H H,,0  = 2CH.,OirCOOII  I 2AgCI 

Alonocldoracetic  acid  Glycollic  acid 


TABLE  SHOWING  THE  RELATIONS  OF  THE  CHIEF  ACIDS  OF  THE  ACETIC, 

LACTIC,  AND  GLYOXYLIC  SERIES. 


ACIDS  OF  THE  ACETIC,  LACTIC,  AND  GLYOXYLIC  SERIES  527 


og 

oO 

Zh. 

cd  O 

X 7 
o 1 
u a 
'O  w 

•5  G 

5“ 

o tn 
A o 

o » 

09 


M Ph  K 

W OO 

O OO 

8 ^ 

s OO 

O 

^ Cl  rs 

o ao 


* 

. *S 

o 


0) 

V 

cS 


‘C 

>» 


a, 

2 0-5 

w'  CIh  ^ ^ 

>>:s  w >> 
O X o o 

Q H _i_  »-* 

T3 

j30J5  O-fi 

S 5 Q 


OO 

|8 
o O' 


w a 

o « 
03 

^ 9 
V-  *- 


VS 

r^*  " 
2 
o "S 

'a.=s 


pp 

X 

pp 

WPP  PP 

o 

o 

o 

OO  O 

6 

6 

6 

66  6 

o 

o 

o 

pp  p 

6 

6 

6 

66  6 

o 

o 

o 

-1* 

OO  o 

•-£  Xi  O 

• 

X 

pp, 

pp  pp 

X)  -T  HH 

OO  o 

. 

o 

d 

u . 

c . 

• .H 

• 

O 

V • 

‘S 

o . 

*S. 

.2  § .o  . 
^ 0)  2 

o 

QJ  • 
Q O 

o • 

b!  O 

^ r>. 

? c3  .y 

KX 

OO 

66 

OO 

66 

OO 

Cl  1> 


P-X 

1^—-  u 
X P X 

O o j 

t3  ;r  u 
>.0  >%o 


-Q  i> 


_o 

C4 

cti 

O 


K PP 


O o P i 

X X X C X X 
O O 045  o 

^ fc-  ^ 4->  H 

•73  '"O  C T3 

^ ^ ^ O f>%  c3  ^ 

M M M >-H  VjH 

HH  HH  HH  H-*  MH 


PP 

O 

6 

o 

6 

o 

?i 

ffi 

o 


3 

cd 

'p* 

X 

O 

T3 


PP 

pp 

pp 

PPPPPP 

PP 

o 

o 

o 

ooo 

o 

•A 

6 

6 

6 

ooo 

o 

o 

o 

O 

ooo 

o 

~o 

so 

6 

pp" 

o 

o 

pp, 

o' 

=^Xpp" 

OOJ 

« 

X 

*9 

o 

’ 

* 

<ss 

. 

, 

• • • 

_o 

« C5 

O 

o 

*y 

-f* 

"5 

o § .y 
'E  *o 

45 

4-> 

q 

c 

o 

O. 

.bA!  S 

q 

o 

o 

< 

In 

Pm 

ffl>-0 

0 

poooooooooo 

66666666666 

poooooooooo 

“24^55StPC‘'2®3fC'JCo} 

PPPffipcjppKffiffiPp'KH 
ddo c5o"do~o"o"o^ J 


o 

• ^ y 


o g • • o o 

.sJ&s  s-l 


u 
ca  -C 
■ 0) 


Os 


ocLoogcucfi-<mu^ 


528 


ORGANIC  CHEMISTRY 


Carbonic  Acid  or  Ih/droxijformic  Acid,  OH'CO'OH,  the 
first  of  tliis  series,  has  been  studied  already.  Carbamide 
or  Urea,  NH^'CO’NH,,  the  diamide  of  carbonic  acid,  is 
interesting  historically  as  being  the  first  organic  .compound 
synthetically  produced  from  inorganic  sources  (.see  ]).  425). 
’I’he  acid  amide  of  carbonic  acid,  carbamic  acid,  NHg'CO  OH, 
occurs  as  an  ammonium  salt,  NH.^'CO'ONH^,  in  the  am- 
monium carbonate  of  pharmacy.  Etli}d  carbamate,  or  Ure- 
thane, NH.,'C()‘OC„I-I^,  is  a mild  hypnotic. 

GhjcoUic  Acid  (Hydroxyacetic  acid),  CH^OH'COOH,  is 
found  in  the  leaves  of  the  Virginia  Creeper ; artificially  it 
may  be  obtained  by  carefully  oxidizing  glycol,  and  by  the 
action  of  silver  oxide  on  dextrose  and  fructose. 

Lactic  Acid  (llydroxypropionic  acid),  C^H,(OH)COOH. 
Several  isomeric  h}'droxypropionic  acids  are  known  ; the 
lactic  acid  of  fermentation  (so-called  ethylidene  * lactic  acid), 
CIl3Cll‘(()H)CO()H,  and  saiTolactic  acid,  from  flesh,  being 
those  of  technical  importance  {see  j).  379). 


'Lhe.  Acri/lic  Series. 

Acids  of'  the  Acri/lic  Series,  C„H.2„_;|COOH. 

Acrt/lic  Acid,  C.d'lgCOOH,  or  Cllg : CH  COOH,  is  formed  by 
oxidizing  acrolein  (aci'ylaldchyde,  see  Glycerin)  with  silver 
oxide. 

Crotonic  Acid,  CgHjCOOH,  or  CHgCH  : CH’COOH, 
formerly  supposed  to  be  a constituent  of  croton  oil,  may 
be  formed  by  oxidizing  croton-aldehyde,  and  by  acting  on 
allyl  cyanide,  C.,HrCN,  with  water  and  hydrochloric  acid 
CgH.CN  -1-211,0  -l-  HCl  = CgHgCO  OH  + NH^Cl. 

Oleic  Acid,  CjgHgPg,  is  found  as  a glyceryl  salt  in  many  fats 
and  oils. 


Preparation  of  Oleic  Acid. — Olive  oil  is  sajionified  by  means 
of  caustic  potash  and  the  resulting  soap  decomposed  by 
tartaric  acid,  which  liberates  oleic  and  stearic  acids.  'Ihc 
oleic  and  stearic  acids  are  heated  with  lead  oxide,  forming 
lead  oleate  and  stearate,  the  former  being  dissolved  out  from 
the  latter  by  ether.  The  ether  is  evaporated  and  the  lead 


* Substances  having  the  CH„ 
compounds.  Compare  chloral  hydrate 
cci;,CH(OH).j. 


),CH  group  are  called  ethylidene 
hydrate,  triehlorethi/tidme  glycol, 
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oleate  treated  with  hydrochloric  acid,  which  liberates  oleic 
acid. 

K/aidic  Acid  (isomeric  with  oleic  acid)  is  formed  by  pass- 
ing nitrogen  peroxide  into  oleic  acid  ; it  is  more  stable  than 
oleic  acid,  distilling  unchanged. 

The  Benzoic  Series. 

Acids  of  the  Benzoic  Series,  C„H2u_i7COOH. — The  acids  of 
this  series  are  formed  by  oxidizing  hydrocarbons,  by  the  oxida- 
tion of  the  corresponding  alcohols,  and  by  the  hydrolysis  of  the 
corresponding  nitriles.  There  are  numerous  isomers  of  all 
these  acids,  benzoic  acid  excepted. 

Benzoic  Acid,  C^H^COOH,  occurs  naturally  in  gum  benzoin 
(Gum  Benjamin),  which  contains  from  12  to  15  per  cent.,  the 
remainder  of  the  “ gum  ” being  mainly  com])osed  of  two 
resins  having  the  formulaj  and  CggH^^iO^.  Benzoic 

acid  may  be  obtained  by  oxidizing  benzaldehyde,  C^H^COH, 
which  may  be  prepared  from  benzotrichloride  {see  p.  472). 
Toluene,  C^H-CHg,  may  be  directly  oxidized  into  benzoic 
acid,  the  methyl  group  (CHg)  being  resolved  into  COOH. 
Benzoic  acid  may  also  be  produced  by  heating  hippuric  acid 
(benzoyl  glycine  or  benzoyl  glycocoll)  with  hydrochloric 
acid,  p.  372.  For  other  modes  of  obtaining  benzoic  acid 
artificially,  .see  p.  367.  Benzoic  acid  heated  with  lime  yields 
benzene  : — 

C,.H.COOH  + CaO  = CyH,.  + CaCOg 

Benzoic  acid  Calcium  oxide  Benzene  Calcium  carbonate 

Benzcddehifde,  C,jII.COH,  forms  the  greater  part  of  oil  of 
bitter  almonds  {.see  Amygdalin,  p.  576).  It  is  a colourless 
liquid,  soluble  in  30  {)ai-ts  of  water,  and  in  all  proportions  in 
ether  and  alcohol.  Like  other  aldehydes,  it  forms  a crystal- 
line compound  with  acid  sodium  sulphite  — in  this  case 
CyH.-COn-NaFISOg. 

Benzoifl  Chloride,  C-lI-OCl,  results  from  the  action  of 
chlorine  on  benzaldehyde  or  of  phosphorus  pentachloride  on 
benzoic  acid.  Benzaldehyde  also  results  from  the  oxida- 
tion of  the  benzyl  alcohol  (C-H.OH)  of  bal.sam  of  Peru. 

'The  / hjdroxijhenzoic  Series. 

Acids  of  Ihe  Ilijdro.ri/henzoie  Series,  C..lL„_gC)lI-CO()II.— 
Just  as  the  acids  ot  the  lactic  series  are  related  to  tlie  acetic 

2 L 
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series,  so  are  the  acids  of  the  hydrox3'benzoic  (or  salicylic) 
series  related  to  the  benzoic  series. 


CH3COOH 


Acetic  acid 

C;H,COOH 

houzoic  acid 


CH^OHCOOH 

Hydroxyacotic  or  glycollic  acid 

C,H^OHCOOH 

Ortlio-hydroxy benzoic  or  salicylic  acid 

Snlicylic  or  ()rl]H)-hi/dmxtfhenzoic  Acid,  CyH^OH-COOH 
{Acidum  Scdicylictim,  B.P.),  Salicylic  acid  may  be  made  by 
tlie  oxidation  of  salicylaldehyde  {vide  infra).  Sodium  salicy- 
late ma}'  be  prejiared  by  the  action  of  carbonic  anhj'dride 
on  sodium-jilienol  (Kolbe).  To  accomplish  tliis,  ]ihenol  is 
mixed  tvith  caustic  soda,  forming  sodium-phenol,  or  sodium 
carliolate,  C^lI^ONa.  The  sodium  phenol  is  tlicn  saturated 
witli  carlionic  anliydride  at  the  ordinaiy  temjierature,  by 
whicli  sodium  phenyl  carbonate  is  jiroduccd.  The  latter 
on  lieing  lieated  in  closed  vessels  is  transformed  into  sodium 
salicylate.  From  this  salicylic  acid  may  be  obtained  by  the 
action  of  hydrochloric  acid,  and  it  may  be  purified  by  reciystal- 
lization  from  alcohol.  It  is  identical  with  the  natural  acid. 


CJIf/ONa  + CO.^  = CJ-IjOCOONa 

Hodiuin-idiniiol  Sodium  plienylcarbonate 


C.IljOCOONa  = C3lI,()HCOONa 

Sodium  Sodium 

plienylcarbonate  salicylate 

Salicylic  acid,  like  carbolic  acid,  is  a powerful  antiseptic 
but  is  free  from  the  taste  and  smell  of  carbolic  acid.  It  is 
only  slightly  soluble  in  cold  water,  but  readily  soluble  in  hot 
water,  alcohol,  ether,  and  in  aqueous  solutions  of  such  alkali- 
metal  salts  as  borax,  sodium  phosjihate,  or  potassium  citrate, 
which  it  converts  into  acid  salts  with  formation  of  a salicj^- 
late.  A similar  antisejitic  cresoUc  acid  (hydroxytoluic  acid, 
C^HgOH'CHg'COOH)  is  similarly  obtained  from  cresol  or 
cresylic  acid,  CgH^ObTCHg.  Ferric  chloride  produces  a violet 
coloration  with  both  salicylic  and  cresotic  acids.  Both 
acids  have  antipyretic  properties.  The  alkali-metal  salicy- 
lates, and  probably  therefore  the  cresotates,  are  very  feeble 
antiseptics.  Sodium  salicylate  (Sodii  Salici/la.s,  B.P.), 
(NaC-HgOg)2,HgO,  made  by  neutralizing  salicylic  acid  with 
sodium  hydroxide  or  carbonate,  forms  small,  colourless  scales, 
or  tabular  crystals,  soluble  in  alcohol,  and  readil}'  soluble  in 
water.  As  carbolic  acid  often  contains  cresylic  acid,  com- 
mercial salicylic  acid  may  contain  cresotic  acid.  An  alcoholic 
solution  of  salicA'lic  acid  allowed  to  evaporate  spontaneously 
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(exposure  to  dust  being  avoided),  should  leave  a white  residue 
free  from  colour  even  at  the  points  of  the  crystals.  lodomli- 

ci/lic  acid,  C-H.IOo,  and  di~iodosalici//ic  acid,  are  used 

' I o a . - /OC  H O 

in  medicine  ; as  also  is  acetylsalicylic  acid,  , 


which  is  known  as  aspirin. 

Saliciilaldehiide,  or  ortho-hydroxyhenzaldehyde  (salicylol, 
salicylous  acid,  salicyl  hydride),  CgH^OH  COH. — Found  in 
the  essential  oil  of  meadow-sweet  {Spircea  idmatia') ; also 
obtained  by  the  oxidation  of  salicin.  It  may  he  artificially 
formed  by  the  action  of  chloroform  on  sodium  phenol. 


Preparation. — Mix  10  parts  of  phenol  with  20  })arts  of 
.sodium  hydroxide  dissolved  in  30  parts  of  water  in  a flask 
having  an  upright  condenser,  and  gradually  add  20  parts  of 
chloroform.  After  heating  the  flask  on  a water-bath,  until 
all  chloroform  has  disappeared,  add  excess  of  hydrochloric 
acid,  when  a red-violet  oil  will  rise  to  the  surface.  Pour  the 
contents  of  the  flask  into  a retort,  and  pass  steam  through  it 
till  no  more  aldehyde  comes  over.  The  reaction  is  as 
follows : — 

C,TFONa  -i-  3NaOH  + CHCl,  = C,H,ONa-COII  + 3NaCl  + 2II,0 

Chloroform  Sodium  salicyl* 
phenol  aldehyde 

Sodium  salicylaldehyde,  treated  with  hydrochloric  acid 
and  distilled,  gives  .salicylaldehyde  : — 

C,H  ONa-COll  + HCl  = C,H,(OH)COH  + NaCl 

.ScKliiim  salicyl-  Halicylaldeliydo 

aldehyde 

The  oil  which  passes  over  (orthohydroxybenzaldehyde)  may 
be  purified  from  phenol  (with  which  it  is  always  contaminated) 
by  treating  with  acid  sodium  sulphite,  which  forms  a com- 
liound  with  the  aldehyde,  leaving  the  jihenol  which  may  be 
removed  by  di.ssolving  it  in  ether.  An  isomeric  salicyl- 
aldehyde (parahydroxybenzaldehyde)  is  formed  along  with 
the  oi tho-aldehyde,  and  remains  dissolved  in  the  water  in 
the  retort,  from  which  it  is  precipitated  on  cooling. 

Melhfl  Saliciilale,  Cl IgC-II/ifg,  formerly  known  as  »gaul- 
theric  acid,”  forms  the  chief  part,  at  least  90  jicr  cent.,  of  the 
essential  oil  of  gaultheria  {Oleum  OauUheruc,  15. P.,  Add.  1900) 
or  winter-green  {Oaullheria  procumheus,  the  fresh  leaves  of 
which  yield  about  OT  per  cent,  of  oil).  It  also  occurs  in 
several  species  of  violet  (Mandelin).  Oil  of  sweet  birch 
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(Belula  lenta)  is  methyl  salicylate.  Gaultherin,  a glucoside 
existing  in  the  bark  of  Betula  lenta,  when  decomposed  by 
mineral  acids,  by  alkalies,  or  by  heating  the  aqueous  solution 
to  130°-140°  C.,  jdelds  a carbohydrate  and  methyl  salicylate. 
Melhi/l  Salicylax,  U.S.P.,  is  produced  s)mthetically. 

Phcmil  Salicylate,  C,.H/)H-CO-OC,.Hr,,  or  .v«/o/  (Salol,  B.P.), 
is  an  antiseptic,  antijiyrctic,  anti-rheumatic  remedy.  It  is 
white,  crystalline,  soluble  in  alcohol,  almost  insoluble  in 
water,  and  has  a faint  aromatic  odour. 

Orthofonn,  a new  anaesthetic,  is  the  methyl  ester  of  para- 
amido-meta-hydroxybenzoic  acid. 

Vanili.in  or  Mktiiyli'uotocateciiuic  7\ldeiiyi)e,  CgHgOg  or 
C',.II.,(01I)(0CI1,,)CH0,  is  the  sub.stance  to  which  the  odour 
and  flavour  of  vanilla  are  due.  It  also  occurs  in  Siam  benzoin, 
Uosa  canina,  etc.  The  white  cr^’stals  commonly  found  on 
vanill.a  (the  prej)ared  unripe  jiods  of  Vanilla  planifolia), 
termed  rauillin,  were  found  by  Carles  to  be  a weak  acid.  It 
occurs  in  vanilla  to  the  extent  of  from  1^  to  3 per  cent. 
Vanillin  has  in  recent  years  been  prepared  artificially  by 
Tiemann  and  Haarmann  from  coniferin,  a glucoside  existing 
in  the  sapwood  of  pines.  The  substance  remaining  after  the 
removal  of  glucose  from  coniferin,  or,  indeed,  coniferin 
itself,  by  action  of  a mixture  of  potassium  bichromate  and 
sulphuric  acid,  yields  vanillin.  It  may  also  be  obtained  by  a 
series  of  reactions  starting  from  that  of  carbonic  anhydride 
on  potassium  carbolate ; also  from  the  eugenol  of  oil  of 
cloves.  By  action  of  hydrochloric  acid,  vanillin  yields  methyl 
chloride  and  protocatechuic  aldehyde.  Artificial  vanillin  is 
now  manufactured  by  various  patented  methods. 


The  Trilujdroxijbcnzoic  Series. 

Acid  oj  the  Serie.s,  C„H.2„_]o(OH)3COOH.  Gallic  Acid,  or 
trihydroxybenzoic  acid,  C,;H2(OH)3COOH  (see  p.  393).  By 
the  elimination  of  one  molecule  of  water  from  two  molecules 
of  gallic  acid,  tannic  acid  is  produced. 


CoH, 


rcoOH^ 

t(OH)3 


„ „ /COOH 


C,,H2|(0H)2 


COOH 

(O 


CO 


j 


+ H.,0 


CAh 


1(01-1)3 
Tannic  Acid 


Gallic  Acid 


BALSAM  OF  PERU 


f)33 

Gallic  acid,  by  the  action  of  heat  yields  pi/rogallol  or  pyro- 
ga/lic  acid  and  carbonic  anhydride. 

C^jH2(OH)3COOH  = CgH3(OH)3  + COo 

The  Cinnamic  Series. 

Acids  of  the  Cinnamic  Scries,  C„H.,„_,,COOH. — Cinnamie 
acid,  CgH^COOH,  may  be  obtained  from  the  balsams  of  tolii 
and  Peru,  and  from  storax.  It  may  be  made  artificially  by  aid 
of  Perkin’s  reaction,  which  consists  in  heating  2 parts  of 
benzaldehyde  with  3 of  acetic  anhydride  and  one  of  sodium 
acetate. 

1.  Balsam  of  Peru  (^Balsamum  Peruvianum,  B.P.),  an 
exudation  from  the  trunk  of  Myroxylon  Pereira’,  is  a mixture 
of  oily  matter  with  about  one-quarter  or  one-third  of  resinous 
matter  and  6 per  cent,  of  cinnamic  acid.  The  oil,  by  fractional 
distillation  in  an  atmosphere  of  carbonic  anhydride,  under 
diminished  pressure,  furnishes  benzijl  alcohol,  C^jIIj^CHgOH, 
benzyl  benzoate,  CgHjCO’OC-H^,  and  benzyl  emnamate, 
C^H-CO'OC-Hp  or  cinnamein  (Kraut).  By  action  of  alcoholic 
solution  of  caustic  potash  it  yields  potassium  benzoate  and 
cinnamate,  and  benzyl  alcohol ; also  cinnamyl  alcohol, 
C3H-CH.2OH,  otherwise  known  as  peruvine  or  sty  rone.  It  also 
often  holds  in  solution  metacinnamein  or  styracin,  poly- 

meric with  cinnamaldehyde,  CgH^COH.  The  resin  of  balsam 
of  Peru  seems  to  result  from  the  action  of  moisture  on  the  oil. 
Any  admixture  of  resin,  oil,  storax,  benzoin,  or  copaiba,  with 
balsam  of  Peru  is  detected  by  mixing  6 grains  of  slaked 
lime  with  10  drops  of  the  balsam,  when  a soft  jn-oduct 
results  if  the  specimen  be  [)ure,  but  hard,  if  impure  ; farther, 
the  mixture,  on  being  warmed  until  volatile  matter  is  expelled 
and  charring  commences,  gives  no  fatty  odour.  2.  Balsam  of 
Tola  {Balsamum  Toliitanum  B.P.)  is  an  exudation  from  the 
trunk  of  Myro.vylon  Toluifera ; iii  composition  it  closely 
resembles  balsam  of  Peru,  but  is  more  easily  resinified.  It 
contains  benzyl  benzoate  and  cinnamate,  cinnamic  acid,  a 
small  proportion  of  benzoic  acid  (Basse),  and  about  1 per 
cent,  of  a volatile  hydrocarbon,  tolene,  CjoHj,,.  The  cinnamic 
acid  crystals  may  be  seen  with  a lens  whek  a little  of  the 
balsam  is  pressed  between  two  warmed  pieces  of  glass.  Old 
hard  balsam  of  tolu  is  a convenient  source  of  cinnamic  acid, 
which  may  be  extracted  by  the  same  ])rocess  as  tliat  by 
which  benzoic  acid  is  obtained  from  benzoin— namely,  ebulli- 


534 


ORGANIC  CHEMISTRY 


tion  with  alkali,  filtration,  and  precipitation  by  addition  of 
li3'drochloric  acid.  In  sjaaip  of  tolu  the  cinnamic  acid  is 
liable,  if  certain  micro-organisms  are  present,  to  develop 
carbonic  anhydride  and  acetylene,  the  latter  communicating 
an  unpleasant  smell,  C^HgO^  = CO^  + 4C.,H2-  3.  Slorax  is  an 

oleo-rcsin  obtained  from  Lujuidamhnr  oricnlalis.  It  contains  a 
volatile  oil  termed  xti/rol,  cinnnmenc,  or  cinnamol,  CgHg,-— which 
])ossibly  (Berthelot)  is  condensed  acetylene,  4C„H.„ — cinna- 
mic acid,  st^u’acin,  or  cinnamyl  cinnamate,  CgH,^CO  OC,,IIg, 
and  a soft  and  a hard  resin.  Styrol  differs  from  similar 
hydrocai'bons  in  being  converted  into  a polymeric  solid, 
termed  melaxli/rol  or  draconyl,  on  heating  to  about  400°  F. 
(ll04’4°  C.).  For  medicinal  use,  storax  {Slijrax  Piwparahix, 
B.F.)  is  purified  by  solution  in  alcohol,  filtration,  and  removal 
of  the  alcohol  by  distillation.  oxidation  with  potassium 

bichromate  and  sulphuric  acid  it  yields  an  odour  resembling 
that  of  essential  oil  of  bitter  almonds. 

Conmarhi,  (the  principle  of  the  Tonka  bean),  may 

be  obtained  by  acting  on  the  sodium-derivative  of  sali- 
cvlaldehvde  with  acetic  anhydride  and  sodium  acetate 
(I’crkin).  • 


Dihasic  Acids, 

'I'hese  have  two  carboxyl  (COOH)  groups  in  the  molecule. 

'I'hc  Succinic  Series. 

yicids  of  the  Succinic  Series-,  C„1  IznCCOOH)^. — These  acids 
may  be  formed  by  the  oxidation  of  glycols,  or  by  the  action 
of  water  and  hydrochloric  acid  on  the  cyanides  of  the  olcfine.s, 
obtained  by  acting  on  the  olefine  dibrom-addition  products 
with  potassium  cyanide. 

Oxalic  Acid,  or  (COOH).^,  is  the  first  of  this  series. 

It  may  be  obtained  by  oxidizing  glycol,  C2H.](OH).j — 

CH,OH  COOH 

I + .20.,  = I + 2H.,0 

CHgOFI  " COOH 

Glycol  Oxalic  .acitl 

Also  by  the  action  of  carbonic  anhydride  on  sodium  : — 

2 CO.,  + 2Na  = Na.,C„0., 

Carbonic  anliydriilo  Bodiuni  Sodium  oxaiatc 

For  other  methods,  see  Oxalic  Acid,  p.  314. 
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O.ramidc,  C^Oo(N  1^2)2,  the  analogue  of  urea, — carbainicle, 
CO(NH.,).„ — is  formed  on  mixing  ethyl  oxalate  with  solution 
of  ammoiiia  ; or  by  passing  cyanogen  into  aqueous  hydro- 
chloric  acid,  C.,N2  + 2H2O  = (CONH2)2- 

Succinic  Acid,  C2H4(COOH)2.  {See  p.  389.) 


The  Medic  Series. 


Acids  of  the  Medic  Series,  C„Ho„_iOH(COOH)2. — Malic,  or 
hydroxysuccinic  acid,  C2Hg(OH)  (COOH)^,  is  obtained  arti- 
ficially by  acting  on  bromosuccinic  acid,  C2HgBr(COOH)2, 
with  moist  silver  oxide,  the  bromine  being  replaced  by 
hydroxyl.  It  is  contained  in  unripe  mountain-ash  berries, 
morello  cherries,  etc.  {See  p.  379.) 


/ CONH 

Aspeireigin  (amidosuccinamic  acid),  C.,HgNH.,<^ 

(&ep.  380.)  “ 

The  Tarleiric  Series. 


Acids  of  the  Teirtaric  Series,  C„H.,„_2(OH)2(COOH)2. — Teir- 
teiric  Acid,  (dihydroxysuccinic  acid),  C2H2(OH),,(COOH).„ 
may  be  obtained  by  oxidizing  erythrite,  C.,H2(0H)2(CH20H)2. 
{See  p.  516.)  For  other  modes  of  formation,  see  p.  347.  There 
are  four  isomeric  tartaric  acids,  differing  in  their  relation  to 
polarized  light. 

The  Phthetlic  Series. 


Acids  of  the  Phthedic  Series,  CnH.2„_g(COOH).,. — Phthedic 
Acid,  CgH^(COOH).,,  is  obtained  by  the  oxidation  of 
napthalene  and  naphthalene  tetrachloride,  or  a mixture  of 
benzene  and  benzoic  acid.  By  distillation  it  forms  phthalic 
anhydride,  CgH^Og,  and  this  when  heated  with  phenol  and 
sulphuric  acid  yields  pheuol-phthedein  (B.P.),  a light  yellow 
crystalline  powder,  which  when  dissolved  in  alcohol  is  used 
in  alkalimetry  on  account  of  its  property  of  turning  reddish- 
purple  in  presence  of  the  slightest  excess  of  alkali.  There 
are  three  phthalic  acids,  ordinary  phthalic  or  orthophthalic 
acid,  i.sophthalic  or  metaphthalic  acid,  and  tcrcphthalic  or 
paraphthalic  acid.  {See  p.  474.) 

Tiuhasic  Acids. 

These  have  three  carboxyl  (COOll)  groups  in  the  mole- 
cule. Triceirhedh/lic  Acid,  or  propane-tricarboxylic  acid, 

first  ol  these  acids  ; its  hydro.xy-deriv- 
ative  is  citric  eiciel,  C3lI^(()Il)(C()OII)3  (hydroxy-propane- 
tricarboxylic  acid),  found  in  a variety  of  fruits.  It  has 
already  been  described  {sec  p.  351). 
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Otheu  Polybasic  Acids 

Telrabcisic  acids — as  pyromellitic  acid,  C,.H2(COOH)^ — 
and  hcxabasic  acids — as  mellitic  acid,  Cg(COOH)^ — are  known. 

Ketones 

Just  as  primary  alcohols  on  losing  hydrogen  by  oxidation 
yield  aldehydes,  so  secondary  alcohols  (sec  p.  482)  yield 
ketones  : — 

C„H,„+,CH,OH  - H„  = C„H,„+iCOH  (aldehyde) 

(C„H,„^02CHOH  - H;  = (C„H,„+,)2C0  (ketone) 

Like  aldehydes,  ketones  are  converted  by  reduction  with 
hydrogen  into  the  corresponding  alcohols.  Like  aldehydes, 
ketones  form  crystalline  compounds  with  acid  sulphites. 
While,  however,  aldehydes  by  oxidation  yield  corresponding 
acids,  ketones  yield  acids  whose  molecules  have  a smaller 
number  of  carbon  atoms  than  the  original  ketones. 

Acetone,  CgHgO,  or  dimethijl-ketone,  (CHg).^CO  or  CHg'CO' 
CHg,  the  best  known  of  the  class,  may  be  obtained  by  strongly 
heating  calcium  acetate,  carbonate  remaining;  (CH3COO).2Ca 
= (CH3).,C0  + CaCOg.  The  calcium  salts  of  other  fatty  acids 
split  up  in  a similar  manner  (hence  perhaps  the  name — from 
K€0),  keb,  1 split,  and  the  original  acetone^,  yielding  other 
ketones,  as  propione,  butyrone,  valerone,  etc.  The  mixed 
calcium  salts  give  corresponding  ketones.  Thus  acetate  and 
caprate  yield  mcthy-nonyl  ketone,  CHg — CO — CgHjg,  the 
chief  natural  constituent  of  oil  of  rue.  Acetophenone  or  phem/l- 
inetliijl  ketone,  C,.H.’CO'CHg,  is  known  as  hijpnone. 


QLIE.STIONS  AND  EXERCISES 

Give  general  methods  for  the  formation  of  aldehydes  and  acids. 

How  is  acetaldehyde  prepared  ?— Describe  the  reactions  that  occur 
in  the  manufacture  of  chloral  and  chloral  hydrate. — What  is  the 
nature  of  the  action  of  alkalies  on  cliloral  hydrate  ?— Mention  the 
characters  of  pure  and  impure  chloral  hydrate.— What  relation  has 
valerianic  acid  to  amyl  alcohol  Give  the  relations  between  the  acetic 
and  lactic  series  of  acids.— To  what  series  do  the  following  acids 
belong  oleic,  butyric,  oxalic,  and  citric  ?— How  is  benzoic  acid  pre- 
pared? Give  the  differences  between  balsam  of  Peru,  tolu,  and  gum 
benzoin. — How  is  oil  of  bitter  almonds  prepared,  and  how  can  it  be 
distinguished  from  so-called  artificial  oil  of  bitter  almonds  ?— Give 
methods  of  preparing  artificial  salicylic  aldehyde  and  acid.— Give 
systematic  names  for  tartaric,  succinic,  carbonic,  salicylic,  and  citric 
acids. 
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Volatile  Oils 

The  I\)hili/e  or  Esseiilial  Oils  exist  in  various  parts  of 
plants.  They  usually  are  mixtures  of  the  liquid  hydrocarbons 
or  elmojdens  (from  eXaiov,  daion,  oil,  and  oTTTo/xru,  optonuii,  to  see) 
with  oxidized  hydrocarbons,  which  are  commonly  solid  or 
camphor-like  bodies  termed  slearoplois  (from  a-reap,  slcar, 
suet),  and  which  on  cooling  often  crystallize  out ; or  on 
distilling  an  oil  the  stearopten  may  remain  in  the  retort 
being  less  volatile  than  the  ehcopten.  The  volatile  oils 
often  are  associated  with  further  oxidized  substances  termed 
resins. 

The  tendency  of  the  results  of  I'ecent  investigations  is  to 
show  that  instead  of  the  characteristic  odour  of  an  essential 
oil  being  due  to  one  single  principal  constituent,  the  other 
bodies  present  have  a distinct  influence  in  determining  the 
odour.  Oils  of  caraway,  anise  and  linaloe  are  examj)les  of 
those  in  which  the  aroma  is  due  to  a single  odorous  substance, 
— carvone,  anethol,  and  linalool  ; but  in  many  volatile  oils  the 
conditions  are  more  complex.  Rose  oil  affords  a striking 
example  of  the  important  influence  which  combinations  of 
odoriferous  bodies  sometimes  exercise  on  the  perfume;  the 
oils  of  rose,  geranium,  and  palmarosa  contain  approximately 
the  .same  pi;rcentage  of  geraniol,  which  is  identical  in  the 
three  oils.  Whilst,  however,  geranium  and  palmarosa  oils 
are  valued  in  pro])ortion  to  the  amount  of  geraniol  they 
contain,  the  value  of  rose  oil  de])ends  upon  the  various  other 
substances  present. 

The  process  by  which  volatile  oils  are  usually  obtained 
from  lierbs,  flowers,  fruits,  or  seeds,  may  be  imitated  on  the 
small  scale  by  placing  the  material  (bruised  cloves  or  cara- 
ways, for  instance)  in  a tubulated  retort,  adapting  tlie  retort 
to  a Liebig’s  condenser,  and  passing  steam,  from  a flask, 
through  a glass  tube  to  tbe  bottom  of  tlie  warmed  retort, 
d'he  steam  in  its  passage  through  the  substance  takes  up 
some  of  the  vapour  of  the  oil  and  carries  it  into  the  con- 
denser, wlience,  cooled  and  liquefied,  it  flow.s,  along  with  the 
condensed  water,  into  the  receiving  vessel,  where  it  will  be 
found  floating  on  the  water.  It  may  be  collected  by  runninjl 
off  the  di.stillate  through  a glass  fujmcl  having  a stopcock  m 
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the  stem,  or  b)’  letting  the  water  from  the  condenser  drop 
into  a test-tube  or  similar  tube  which  has  a small  hole  in  the 
bottom,  and  is  placed  in  a larger  vessel  containing  water,  the 
water  and  oil  being  subsequently  run  off  separately  from  the 
tube  as  from  a pipette.  The  water  will  in  most  cases  be  the 
ordinary  official  medicated  water  of  the  material  operated  on 
(^Aqiia  Aiielhi,  Anisi,  Aui'antii  Florix,  Carui,  Cinnamomi,  Fcenicii/i, 
yicntlue  PipenUf,  ^[entha;  Firidis,  Fhncnta’,  Rosa>,  Sambiwi). 
^’^olatile  oils,  like  fixed  oils,  stain  paper ; but  the  stain  of  the 
former  is  not  permanent  like  that  of  the  latter.  Oils  of 
lemon  and  orange  are  sometimes  obtained  by  mere  ])ressure 
of  the  rind  of  the  fruit.  Volatile  oils  are  “concentrated”  by 
removing  inodorous  terpene,  whereby  the  so-called  terpene- 
less  oils  are  obtained. 

The  presence  of  alcohol  in  an  essential  oil  may  be  detected 
and  its  quantity  estimated  by  shaking  with  an  equal  bulk  of 
pure  glycerin,  d’he  latter  dissolves  the  alcohol,  and  is  aug- 
mented in  volume  according  to  the  amount  of  alcohol  present 
(Boettger).  (For  tests  for  alcohol,  sec  p.  490.) 

A large  number  of  volatile  oils  are  employed  in  medicine, 
either  in  the  pure  state,  in  the  form  of  saturated  aqueous 
.solutions  (medicated  waters),  or  solutions  in  alcohol  (^Sphiliis 
Anisi,  Cujupuli,  Ciiiiuaiiomi,  Jiiii/peri,  Laeaiidula’,  MenUue 
Fiperila;,  Mi/risHcu’,  Rosmarini),  or  as  leading  constituents 
in  various  barks,  roots,  leaves,  etc.  Perfumes  (“.scents”  or 
“essences,”  including  “lavender-water”  and  “ eau  de 
Cologne”)  are  for  the  most  part  solutions  of  essential  oils  in 
alcohol  (4.5  to  90  j)cr  cent.),  or  sj)irituous  infusions  of 
materials  containing  e.ssential  oils.  The  following  oils  are, 
directly  or  indirectly,  included  in  the  Fharmacopceias  * : — 
1.  Volatile  oil  of  Hiller  Aimond  [see  ju  577).  2.  Oil  of  the 

fruits  of  A j tea  ill  or  Omum,  ('arum  Ajotraii,  or  Plipdiolis  Ajoirau 
[Fruclus  Phjcliolis,  IM. ; Oleum  Ajoirau,  Ajowan  Oilj  Spu. 
Ptychotis  Oil,  distilled  from  the  fruits  of  ('arum  eoplicum,  IkP. 
Add.  1900),  contains  cipuol  or  eipueue  (Cj„Hj,),  and  a 
stearopten  [AJiraiul-a-pliul,  flowers  (if  ajwain)  identical  with 
llnptiol,  C,oH,.,0.  .3.  Oil  of  Dill  [Oleum  Auel/ii,  H P.),  a i)ale, 

1 he  student  is  not  ex|)ect(;d  to  reineinhcr,  but  to  understand,  all 

that  follows  respecting  the  volatile  oils. 
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yellow,  pungent  liquid  of  sweetish  warm  flavour,  distilled 
from  dill-fruit ; it  contains  a hydrocarbon,  anethene  (CjgHjg), 
and  an  oxidized  oil  (C^^H^  jO)  identical  with  the  carvone  of  oil 
of  caraway  (Gladstone).  4.  Oil  of  Anise  {()lemn  Anisi,  B.P.), 
a colourless  or  pale  yellow  liquid,  of  sweetish  warm  flavour, 
distilled  in  Europe  from  the  anise  fruit  (^Pimpinella  anisum), 
but  chiefly  in  China,  from  the  fruit  of  star-anise  (IHiciiim 
vennn)  ; it  is  a mixture  of  a hydrocarbon,  isomeric  with  oil  of 
turpentine,  and  anelhol,  a stearojiten  which  crystal- 

lizes out  at  low  tcmjicratures.  The  melting  point  of  anethol 
is  70“  F.  (21  T°  C.)  (Moreau  and  Chauvet).  'I'he  official  Oil 
of  Anise  congeals,  when  stirred,  at  temperatures  between 
50"  and  59°  F.  (10°  to  15°  C.),  and  should  not  again  become 
liquid  below  59“  F.  (15°  C.).  The  congealing  point  of  the 
natural  oils  appears  to  be  dependent  on  the  proportion  of  the 
fluid  to  the  solid  constituent,  a very  small  quantity  of  tlie 
former  lowering  tlie  congealing  and  melting  points  very  con- 
siderably. 5.  Oil  of  Cliamuvnlc  (^Olenin  Anihemidu,  B.P.),  a 
bluish  or,  when  old,  yellow  oil,  of  characteristic  odour  and 
taste,  distilled  from  cliamomile-flowers  {^Anihemidu  Flurex, 
B.P.).  'I'he  official  variety  {Anlhcmix  nobiUx)  yields  about  0'2 
per  cent,  of  an  oil  composed  of  a hydrocarbon  (C;^QHJ|.)  and  an 
oxidized  portion  (Cjf)PI|,.0„)  which,  heated  with  potash,  gives 
polaxxiiim  angelale  (KC^H^Oo),  whence  is  obtained  angelic  acid 
(HCr^Hi^O.,).  According  to  Demar^ay,  Kopp,  and  Kobig,  the 
oil  is  a mixture  of  butyl  and  amyl  angelates  and  similar 
bodies.  Naudin  has  also  obtained  from  chamomiles  anthcnien, 
a hydrocarbon  crystallizing  in  needles.  The  flowers  of 
another  variety  (Malricaria  chamomiUa')  contain  a stearopten 
(C|„IT],.0)  having  the  composition  of  laurel-camjflior.  6.  Oil 
oi  Horse-radixh  root  (^Armoracia:  Radix,  B.P.)  seems  to  consist 
mainly  of  allyl  iso-thiocyanate,  CyH^NCS  : it  is  the  chief 
active  ingredient  of  Spirilux  Armoracia;  Compoxilux,  B.P. 
7.  Oil  of  Biller-Orange  rind  (^Auranlii  Corlex  Reccnx,  B.P.j 
Anrantii  Corlex  Siccalnx,  B.P.,  Auranlii  Corlex  Indicux,  B.P., 
Add.  1900),  the  flavouring  constituent  of  the  official  Syrup  of 
Orange  {Spnqjus  Auranlii,  B.P.),  and  the  oils  of  various  s])ecies 
of  Citrus;  namely: — 8.  Lemon  {(Heum  Limonix,  B.P.,  from 
Limonis-  Corlex,  B.P.,  the  fresh  outer  part  of  the  pericarp  of 
the  fruit  of  C.  medica,  var.  /3  Limonum) ; 9.  Lime  (Italian, 
from  C.  limella ; West  Indian,  from  C.  medica,  var.  acida), 
10,  Bergamol  (from  C.  bergamia') ; 11.  Cilron  and  a variety  o 
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citron  termed  ccdra  ; resemble  each  other  in  composition,  all 
containing  a variety  of  limonene  (Jiesperidenc),  a hydrocarbon, 
CjjH.,4,  and  a small  quantity  of  oxidized  hydrocarbons 
and  (Wright  and  Piesse)  Cy^HgoOg],  etc. 
Lemon  oil  consists  chiefly  of  a limonene,  CioHu;,  boiling  at 
176“  C.,  together  with  a small  quantity  of  phellandrene.  Its 
chief  aromatic  constituents  are  the  aldehydes,  citral,  CjqHj,.0, 
and  citronellal,  CjoHjgO.  A terpeneless  oil  of  lemon  has 
been  described  by  Geissler,  who  states  that  it  excels  the  com- 
mercial oil  in  odour,  flavour,  and  stability.  Oil  of  bergamot 
appears  to  owe  its  fragrance  to  40  or  50  per  cent,  of  linahjl 
acetate,  C^yHj-C.,HgO.,.  It  also  contains  a stearopten,  ber- 
gapten,  Cj.,HgO^.  Expressed  lime  essence  contains  a soft 
resin.  12.  Oil  of  NeroU,  or  Orange-Fhicer  (distilled  from  the 
flowers  of  the  bitter  orange  tree.  Citrus  Aurantium,  var. 
Bigaradui),  the  aqueous  solution  of  which  is  official  in  the  forms 
of  water  (^Aqua  Aurantii  Floris,  13. P.)  and  syrup  {Syrupus 
Aurantii  Floris,  13.  P.),  contains  a fragrant  hydrocarbon  (Cj(,Hjg), 
colourless  when  fresh,  but  becoming  red  on  exposure  to  light, 
and  an  inodorous,  oxidized  hydrocarbon.  Strong  acids, 
especially  nitric,  attack  the  oil  in  orange-flow'er  water,  impart- 
ing to  the  fluid  a rose  tint.  13.  Oil  of  Petit  Grain,  di.stilled 
from  the  leaves  and  shoots  of  the  orange-tree,  consists  chiefly 
of  linalyl  acetate,  14.  The  leaves  of  Boldo 

(^Peumus  Bnldiis),  a Chilian  shrub  (tonic  and  hepatic),  yield 
2 per  cent,  of  essential  oil  (and,  according  to  Bourgon  and 
Verne,  an  alkaloid,  boldine).  15.  Oil  of  Buchu-leaves  t^Buchu 
Folia,  13. P.)  consists  chiefly  of  a fluid  oil,  Cj|)Hjj,0,  holding  in 
solution  a crystalline  stearopten,  diosphenol,  CjpHjgO.,.  16. 
Oil  of  Cannabis  indica,  .sec  p.  550.  17.  Oil  of  (the  lesser) 

Cardamoins,  from  the  seeds  of  Kiel  tana  Cardainomum  (Card- 
amoini  Semina,  13. P.),  freed  from  their  pericarps,  is  chiefly  a 
I hydrocarbon  (Cj^llj,;)  isomeric  with  oil  of  turpentine  (ter- 
pilene  and  probably  limonene)  and  a camphor  resembling 
’ turpentine-camphor  (Ci„Hj,.,3H20).  18.  Oil  of  Cajtiptd 

{Oleum  Cajuputi,  13. P.),  from  the  leaves  of  Melaleuca  Lcucadcn- 
I dron,  is  a mobile  bluish  liquid,  consisting  of  hydrous  cajupulene, 

I cajupulol,  or  cineol  {eucalyplol),C^^^H.^.JOH,  and'  terpineol  as  well 
i as  butyric,  valeric,  and  benzoic  aldehydes.  Fresh  cajuput-oil 
! has  a green  hue,  which  is  perhaps  transient,  for  the  colour  of 
' the  commercial  oil  is  due  to  copper  (Guibourt  and  Ilistcd)  : 
■ i certainly  the  green  colouring-matter  of  pure  cajuput-oil  is 
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organic  and  eilher  oily  or  chlorophylloid.  19.  Oil  of  Caraway- 
fruit  {()lciim  Canti,  B.P.,  from  Carin  Frticiiis,  B.P.)  is  a mixture 
of  carvonc  (formerly  called  carvo!)  (CjqHj^O)  and  carvene 
which  is  a limonene  (C^gHj^).  20.  Oil  of  Cloves  {Oleum  Caryo- 
j)lnjUi,  B.P.)  and  of  Pimenlo  {Oleum  Fimenke,  B.P.),  both 
heavier  than  water,  consist  of  eugeiiol  (CjqHj.jO.,)  and  a 
sescjuiterpcnc,  Cjr,Ho,|  {caryophyllene  in  the  case  of  oil  of  cloves, 
which  contains  also  traces  of  vanillin).  21.  Oil  of  Caseurilla 
{(’(tscarilla,  B.P.)  has  not  been  fully  examined.  22.  Oil  of 
(’iuiiamon-htivk  {C'innumomi  Cortex,  B.P.)  and  of  C«.y,s7//-bark  is 
mostly  cinnamic  aldehyde  (Cyll^COH).  It  also  contains 
eugenol  and  phellandrenc.  Boiled  with  nitric  acid,  it  j'ields 
ben/aldchyde,  C„IIr,COH,  and  benzoic  acid,  C^.Hr,COOH  ; with 
chlorinated  lime  it  yields  calcium  benzoate,  (C(jIl5COO)2Ca ; 
and  with  caustic  potash  it  gives  potassium  cinnamate, 
Cj^lLCOOK.  Tlie  sp.  gr.  of  oil  of  cinnamon  {Oleum  Ciii- 
vdviomi,  B.P.)  varies  from  1-025  to  1-035.  23.  Oil  of 

('ilroiielld,  a Crdss  O//,  from  yludrojwgou  ndnlus,  is  chiefly  com- 
posed of  eitronelldl,  CjflH,gO.  Kremers  also  obtains  hej)toic 
aldehyde,  C-11,  ,0,  a terpene  (Cj„H,|.),  etc.  24.  Oil  of  Copaiba 
{Oleum  Copdilxe,  B.P.)  and,  25,  of  Cuhebs  {Oleum  Cubeha;,  B.P.) 
contain  ses(|uitcrj)cnc.s,  CjjH.i.j.  'J'he  cubebene  of  the  latter  oil 
is  somelimes  associated  with  hydrous  cubebene,  the  so-called 
eubeb  camphor,  Cj(jII.,gOII.  Oil  of  cubebs  also  contains  a 
small  (juantity  of  a terj)ene  (CjqH|,.).  2G.  Oil  of  Coriander 

{Oleum  Coriandri,  B.  P.)  ’ consists  of  coriandol,  C^oHigO,  and  a 
tei-])enc,  C|„II||..  27.  The  fruits  of  Cuniin  or  Cumniin  {(smi- 

num  Cyndnuni),  an  ingredient  of  many  curry-powders,  contain 
about  3 ))cr  cent.,  and  those  of  Water  Hemlock  or  Coirbane 
{Cicuta  rirosa)  about  1,}  ])er  cent.,  of  an  essential  oil  composed 
of  cipnol  or  cymene,  C,pH].,,  and  cuminic  aldehpde,  C,,HjjCOII. 
The  latter  is  an  aldeh}fde  which  readily  unites  with  alkali- 
metal  bisul{)hites  and  yields  by  oxidation  cuminic  acid, 
CplIjjCOOH.  Cymol  also  occurs  in  Garden  Thyme  {Thymus 
vulgaris).  28.  The  fresh  leaves  of  Eucalyptus  globulus,  E- 
oleosa,  E.  cneorifoUa,  E.  dumosa,  E.  odorata,  and  other 
“mallee,”  “scrub,”  or  shrub-like  eucalypts,  furnish  about  1 
per  cent,  of  an  oil  {Oleum  Eucalypti,  B.P.),  which  contains 
from  40  to  GO  per  cent,  of  cineo!  or  eucalyptol, 
boiling  at  about  174°  C.,  freezing  at  0°  C.,  sp.  gr.  0-927 
together  with  pinene,  E.  amygdalina  yields  an  oil 

whieh  contains  little  cineol  and  much  pliellandrcne  (the 
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latter  more  readily  alterable  than  other  terpenes,  and  cdiar- 
acterised  by  yielding  a ci-ystalline  mass  with  nitrous  an  hydride). 
E.  maculnta,  var.  cilriudora,  contains  an  aldehyde  similar  to 
that  of  citronella.  Different  species  of  eucalyptus  may  yield 
oils  differing  in  specific  gravity,  flavour,  and  odour.  It  is  now 
generally  accepted  that  the  medicinal  efficacy  of  eucal3^ptus  oil 
is  due  to  the  cineol  which  it  contains.  Like  the  turpentines 
the  eucalyptus  oils  are  good  solvents  of  resins.  Their  sp.  gr. 
varies  greatly — from  0'030  to  0'040  below  or  above  0'900. 
\'^oiry  states  that  cineol  is  present  also  in  the  oil  of  Lavamliila 
spied,  oil  of  spike  or  “foreign”  oil  of  lavender.  Red  gimi 
(^Kucalypli  Gummi,  B.P.)  is  from  the  bark  of  E.  roslrala  and 
other  species,  and  is  used  solely  for  its  astringent  properties. 
A lozenge  is  official  (^Trochisciis  Evcaliipti  Gummi,  29. 

Edecampane-voot  (^Inida  Heleniiim')  by  distillation  with  water 
yields  solid  volatile  hclcnin  (CjjHj,0),  inulol,  a camphor-oil 
(CjqHj^O),  and  inulic  anlii/dride  or  lactone  (Cj^H.jyO.,),  as  well 
as,  according  to  Marpmann,  crystals  of  alanlic  acid 
and  fluid  alaniol  each  more  powerfullv  antiseptic 

than  helenin.  30.  Oil  of  Ec7ineI-G-\x\t  (Eceniculi  Eructus,  B.P.) 
differs  in  odour,  but  contains  the  same  proximate  constituents 
as  oil  of  anise.  31.  Oil  of  Geranium,  or  Ginger  Grass  o\\,  from 
Andropogon  schcenanthus,  and  various  species  of  Pelargonium, 
contains  geraniol  (Cj^HjgO).  Barbier  and  Bouveault,  how- 
ever, give  the  name  limonool  to  the  essential  oil  of  Andro- 
pogon schcenanthus,  and  state  that  it  is  different  from  oil  of 
pelargonium.  32.  Grains  of  Paradise  (^Amontum  meleguclai), 
Guinea  Grains  or  Melcgueta  Pepper,  Hennna  Cardanunni 
Majoris,  contain  essential  oil  and  Cj„Hj,jO)  and  a 

highly  pungent  princi])le,  termed  by  Thresh  paradol,  Cj,Hj  ,0.„ 
isomeric  with  the  cap.saicin  of  the  same  chemist.  33.  Oil  of 
' American  Pennyroyal  {I ledeoma,  U.S.P.,  “the  leaves  and  tops 
I of  Ilcdcoma  pulegioidcs”  contains  pulegonc  (CjoPI^gO),  and 
i yields  isoheploic  acid  (C-Hj  jO.,), and  other  substances (Kremers). 
i;  34.  Oil  of  Juniper  {Oleum  Juniperi,  B.P.)  contains  [)inene, 
i cadinene,  C^5H._,4,  and  a crystalline  substance  whicli 

< has  been  called  juniper  camphor.  35.  Oil  of  J.arender  {Oleum 
Ij(ivandul(E,  B.P.)  contains  linalool,  linalyl  acetate,  and  a 
minute  j)roportion  of  cineol  ; pinene,  i*’  present  in 

^ some  samples,  but  is  not  a constant  constituent.  3G.  Oil  of 
Myrcia  {Oleum  Myrcia’,  U.S.P.),  oil  of  bay,  or  bayberiy  oil 
1 (sp.  gr.  0'975  to  0'990)  is  obtained  from  the  leaves  of  Myrcia 
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acris.  It  contains  eugenol  with  some  methyl-eugenol  and 
small  quantities  of  other  substances.  37.  Oil  or  butter  or 
camphor  of  Orris  (/rw  Florcntind)  is  a soft  solid  lighter  than 
water.  Fliickiger  and  Hanbury  found  it  to  be  chiefly  myristic 
acid  associated  with  a small  quantity  of  essential  oil.  38.  Oil 
of  Peppermint  (^Oleum  Menihai  PiperiPv,  B.P.)  contains  several 
hydrocarbons,  menthone,  Cj^H^gO,  and  other  bodies, 

and  deposits  crystalline  pepjiermint  camphor  known  as  men- 
thol,  CmH,,|OH,  w'hen  exposed  to  low  temjieratures.  The  latter 
is  oflicial  (^Menthol,  H.P.,  also  Kmplastrnm  Menthol,  B.P.),  and 
has  the  following  characters  : “ In  colourless  acicular  crystals, 
usually  more  or  less  moist  from  adhering  oil ; or  in  crystalline 
masses.  Melting  j)oint  107'6°  F.  (42°  C.);  it  should  not 
exceed  109'4°  1'.  (43°  C.).  It  has  the  odour  and  flavour  of 
peppermint,  producing  a sensation  of  warmth  on  the  tongue, 
or,  if  air  is  inhaled,  a sensation  of  coolness.  It  is  very  slightly 
soluble  in  water,  but  readily  in  alcohol  (90  per  cent.),  the 
solutions  having  a neutral  reaction.  Boiled  with  sulphuric 
acid  diluted  with  half  its  volume  of  water.  Menthol  acquires 
an  indigo-blue  or  ultramarine  colour,  the  acid  becoming 
brown.  It  should  be  entirely  volatilized  by  the  heat  of  a 
water-bath.”  It  is  also  yielded  by  the  oil  of  Mentha  arvenxis 
{ears,  piperaseenx  liud  glahrai).  39.  PulxatiUa,  U.S.P.  : — Various 
species  of  /humione  and  Ranuneuhtx  yield  an  acrid  oil  which 
with  water  gives  poisonous  crystalline  ancmonhi  (CjgHj,20J 
and  amorphous  anemonic  acid  (C.gHjjO^).  40.  Oil  ot  Spear- 
niint  {Oleum  Menllne  Piridix,  B.P.),  the  common  Mint  of  the 
kitchen  garden,  contains  carvone,  C,yH|,,0,  and  a terpeue. 
41.  Oil  of  Penmjroyal  {Mentha  Pidegiiwii)  consists  chiefly  of 
the  ketone,  pulegone  (CjgHjgO).  42.  Oil  of  Nutmeg 
{Oleum  Mprixtiae,  B.P.)  is  composed  of  a hydrocarbon, 
7iu/risticene  (CjgHj^g),  and  myrixticol  (CjgH^gO),  and  cyraene 
(CjqH,,,)  (Gladstone).  Mace,  the  arillus  or  net-like  envelope 
of  the  nutmeg  aj)pears  to  yield  similar  bodies  and  also 
myrixticin,  CjgHj^Og  (Semmler).  43.  Oil  or  Otto  or  Attar 
of  Boxes  {Oleum  /7o,sw,  B.P.)  contains  citronellol  (CigHi,,OH), 
geraniol  (CjgHj.^OH),  and  minute  quantities  of  other  con- 
stituents ; the  odour  is  not  due  to  any  single  substance,  but 
to  the  blending  of  geraniol  and  the  other  constituents. 
According  to  Fliickiger,  the  solid  hydrocarbon  also  present 
yields  succinic  acid  as  the  chief  product  of  its  oxidation  by 
nitric  acid,  and  in  other  respects  affords  evidence  of  belong- 
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ing  to  tlie  paraffin  series  of  fats.  A(jnn  liosce,  B.P.,  is 
prepared  by  distillation  from  the  flowers  of  Rosa  da^nasceua. 
44.  Oil  of  Rosemanj-tops  (^O/eiim  Rosmarini,  B.P.)  exists  in 
the  plant  to  the  extent  of  from  IJ  to  3 parts  per  1000.  It 
contains  a hydrocarbon  resembling  that  from  Myrtle, 

Mprtns  communis,  also  camphor  (Cj^Hj^O)  and  borneol  and 
cineol  (Cj^H^j^O)  in  variable  proportions.  45.  Oil  of  Rue 
contains  methyl-nonyl  ketone,  C^jHg^O  or  CHg — CO — 
as  chief  constituent.  Gorup-Besanez  and  Grimm  have 
obtained  artificial  oil  of  rue  (Cj^Hg20),  as  one  of  the  products 
of  the  destructive  distillation  of  calcium  acetate  and  caprate 
{see  Ketones').  According  to  Greville  Williams  oil  of  rue  is 
chiefly  euodic  aldehyde  (Cj^H220),  some  lauric  aldehyde 
(Cj.,H.,^0)  also  being  present.  46.  Oil  of  Sage  contains  the 
hydrocarbon  j)inene,  along  with  thujone,  Cj(,HjyO, 

and  cineol  and  borneol,  CjQpIjgO.  47.  Oil  of  Savin,  obtained 
from  the  tops  of  Junipeius  Sabina,  contains  sabinol,  C^qHj,.0, 
and  sabinyl  acetate.  According  to  Wallach,  it  contains  also 
a sesquiterpene,  48.  Oil  of  Etder-Jiowers  {Samhuci 

Flores,  B.P.)  occurs  in  the  flowers  in  very  small  quantity;  it 
has  a buttery  consistence  ; it  contains  a terpene  (CjqHj,.), 
and  jrrobably  a paraffin.  49.  Oil  of  Sandal-wood  {Oleum 
Santali,  B.P.)  is  composed  (Chapoteaut)  of  two  substances  : 
mostly  of  sanlalal,  an  aldehyde  having  the  formula  Cjr,H.,^0 
' (boiling  at  572°  F.,  300°  C.),  and  a small  quantity  of  the 

I corresponding  alcohol  having  the  formula  CjgH.j^O  (boiling 

at  590°  F.,  310°  C.).  It  occurs  to  the  extent  of  about  21,  per 
I cent,  in  the  fragrant  white  or  yellow  sandal-wood  of  India, 

i Sanlalum  album,  a small  tree  of  the  natural  order  Santalaceae, 

< and  not  to  be  confounded  with  the  Plerocarpus  santalinus,  a 

tree  of  the  natural  order  Leguminosae,  which  furnishes  the 
inodorous  lied  Sandal-wood  or  Red  Sanders  Wood  or  Harwood 
D'  of  the  dyer.  50.  Oil  of  Sassajhis-rool  {Srissqfras  Radir,  B.P.) 
bj  contains  nine-tenths  of  its  weight  of  SaJ'rol  or  Sassajrol, 
C,„H,„Q2>  also  eugenol  and  a small  quantity  of  a terpene. 
B Sassafras  camphor,  C,„H,„0,  is  deposited  when  the  oil  is 

:•!  exposed  to  a low  temperature.  51.  Oil  of  Hlaelc  Sassafras, 

.so-called,  from  “the  dried  bark  of  Cinnamomum  oliweri” 
».  {Oliveri  Cortex,  Oliver  Bark,  B.P.  Add.  1900)  also  contains 

- .safrol  and  eugenol  as  well  as  cineol  and  cinnamic  aldeliydc. 

d 52.  Oil  of  Mustard  {Oleum.  SinapLs  Volatile,  B.P.)  consists  of 

h allyl  iso-thiocyanate,  CglljNCS,  with  small  cjuantities  of 
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ally!  cyanide,  C3H5CN  (.lee  p.  494).  If  contaminated  M'ith 
alcohol,  its  sp.  gr.  is  beloAv  1-015.  53.  Oil  of  Sweet  Flag 

{Acorns  calamus)  contains  a terpene,  (I'he  rhizome 

is  said  to  contain  Acorin,  Cy^HypOu,  hitter  glucoside.) 
54.  Oil  ot  common  garden  Thyme  {Thymus  vulgaris)  contains 
cymene  or  cymol  (CjyH^,),  Ihymeue  (C^qH,,.),  and  thymol  and 
carvacro!  (Cmlij,0).  Thymol,  B.P.,  may  be  obtained  from  oil 
of  'Thymus  vulgaris,  Monnnla  punctata,  or  Carum  copticum. 
'riiymol  crystallizes  out  when  oil  of  thyme  or  of  ptychotis, 
etc.,  is  kept  at  a low  temperature  for  a day  or  two.  It  may 
also  be  obtained  by  shaking  the  oils  with  caustic  alkali,  and 
treating  the  se])arated  alkaline  liejuid  with  an  acid.  It  may 
be  purified  by  distillation,  or  by  crystallization  from  alcohol. 
It  would  seem  that  as  an  antiseptic  thymol  is  quite  as 
valuable  as  carbolic  acid.  55.  Oil  of  'J'lmneric  {Curcuma,  loiiga) 
is  said  by  Jackson  and  Mcnkc  to  be  chiefly  an  alcohol  having 
the  formula  C^^IP-OH.  4’hey  name  it  turmerol.  It  is  a 
light  yellow  volatile  oil,  having  the  sp.  gr.  0-902.  It  is  to 
this  oil  that  turmeric  (hence  curry  powder,  partly)  owes  its 
flavour  and  odour.  50.  Oil  of  Valerian-root  {Valcriance 
Uhizoma,  B.P.,  from  Valeriana  officinalis)  contains  the  two 
terpenes,  camphene  and  jnnene,  together  with  several 

borneol  esters — formic,  acetic,  butyric,  and,  e.specially,  iso- 
valerianic,  A sesquiterpene,  and  some  other  sub- 

stances are  also  present.  According  to  Bruylants,  the 
strongly-smelling  iso-valerianic  acid  does  not  exist  free  in 
the  oil  but  is  formed  by  the  decomposition  of  the  borneol 
ester.  Iso-valerianic  acid  can  rapidly  be  obtained  from  the 
rhizome  by  oxidation  with  a mixture  of  jiotassium  bichromate 
and  dilute  sulj)huric  acid.  The  potassium  salt  is  formed  in 
quantity  when  oil  of  valerian  is  allowed  to  fall,  droji  by  drop, 
on  heated  caustic  potash,  and  by  the  action  of  sulj)huric  acid 
on  the  ])otassium  salt  thus  produced,  iso-valerianic  acid  is 
obtained.  Valeriana  Wnllichii  {Valeriame  hulicie  llhizoma,  B.P. 
Add.  1900)  furnishes  an  Indian  valerian  oil  resembling,  in 
its  general  characters,  the  oil  from  V.  officinalis.  57.  Indian 
oil  of  Verbena,  Lemon-grass  Oil,  or  Indian  Melissa  Oil,  is 
obtained  from  Andropogon  cilralns  {Oleum  Graminis  Cilrali, 
B.P.  Add.  1900;  Oleum  Andropogi  Cilrali,  P.I.).  It  consists 
mainly  of  citral  associated  with  small  qu/intities  of  an  isomeric 
aldehyde  and  of  citronellal.  58.  Oil  of  Ginger  {Zingiber, 
B.P.),  is,  accoi-ding  to  'Phresh,  a com])lcx  mixture  of  hydro- 
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carbons  and  their  oxidation  products  ; cymene  is 

present,  a terpene,  aldehydes,  and  ethereal  salts.  59.  The 
oil  obtained  from  the  so-called  worm-seed  (^Artemisia  viarUima) 
consists  mainly  of  cineol  (C^gH^jjO).  American  IVormseed 
(Chenopodiiim,  U.S.  P.)  contains  a volatile  oil. 

Caoutchouc  or  ludiaruhhcr,  and  GuUa  Pcrcha. 

Caoutchouc  is  the  hardened  juice  of  Dichopsis  Gtdla, 
Ilevea  (Siphonui)  Brasiliensis,  Castilloa  elastica,  Urceola  elastica, 
Ficus  elastica,  and  other  plants.  Heated  moderately  with 
sulphur,  it  takes  up  2 or  3 per  cent.,  and  forms  vulcan- 
ized indiarubher ; at  a higher  temperature  a hard  horny 
product,  termed  ebonite,  or  vulcanite,  results.  The  official 
indiarubher  (^Caoutchouc,  B.P.)  is  “the  prepared  milk-juice 
of  Hevea  brasiliensis,  Muell.  Arg.  and  probably  other  species.” 
Gutta  Percha  is  the  concrete  “ drop  ” or  juice  of  the  percha 
(Malay)  tree,  Isonandra  gidta,  and  of  other  Sapotaceous 
plants.  White  gutta  percha  is  obtained  by  precipitating  a 
solution  of  the  ordinary  gutta  percha  in  chloroform  by  the 
addition  of  alcohol,  washing  the  precipitate  with  alcohol,  and 
finally  boiling  it  in  water  and  moulding  it  into  the  desired 
form  while  still  hot.  lAqiior  Caoutchouc,  B.P.,  is  a solution  of 
indiarubher  in  benzol  and  carbon  bisulphide,  and  takes  the 
place  of  Lupior  Gutta  Percha  (B.P.  1885)  which  was  a solution 
•of  gutta  percha  in  chloroform. 

These  two  elastic  substances,  in  the  jnire  state,  are  hydro- 
icarbons  (C^HJ,,,  usually  slightly  oxidized.  When  caoutchouc 
iis  distilled,  a terpene,  CjqIIj,.,  called  caoutchin,  is  obtained. 

Camphors 

In  addition  to  the  stearoptens  or  camphors  already  men- 
Llioncd  as  being  contained  in  or  formed  from  volatile  oils, 
•there  is  one  that  is  a common  article  of  trade.  It  is  obtained 
Trom  the  wood  of  ('innamomum  Camphora,  or  Camphor- 
Jaurel,  in  Japan  (termed  in  Europe,  Dutch  camphor,  because 
imported  by  the  Dutch)  and  in  China  (known  as  Formosa 
kamjffior),  by  a rough  process  of  distillation  with  water,  and 
Iis  resublimed  in  this  country  (Camphora,  B.P.).  J he  formula 
r.f  laurel-camphor  is  Cj(,Hi,p.  Sp.  gr.  about  0-995  ; melting 
pioint,  175  C. ; boiling  point,  205°  C.  Bromine  heated  with 
Iramphor  gives  mouobrom-camphor  (C„,H,jBrO)  and  hydro- 
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bromic  acid.  Recrystallized  moiiobrom  - camphor  occurs  in 
white  prisms.  The  essential  oil,  from  which  doubtless  cam- 
phor is  derived  bj"^  oxidation,  is  easily'  obtained  fi’om  the  wood, 
and  is  occasionally  met  with  in  commerce  under  the  name 
of  li(jiiid  camphor  or  camphor-oU . It  contains  hydrocarbons 
resembling  terebenthene  and  citrene,  and  hydrous  camphor 
(C,,)H„;0,  H„0)  as  well  as  camphor.  By  exposure  to  air  it 
becomes  oxidized  and  de])osits  common  camphor.  Camphor 
distilled  with  phosphoric  anhydride  yields  cymene,  CjqHj^. 
'I'here  is  another  kind  of  camphor,  Borneo/,  in  European 
markets,  less  common  than  laurel  - camphor,  but  highly 
(?st(;emed  by  the  Chinese ; it  is  obtained  from  Drijo/xilanopx 
(iromatica,  and  is  denominated  Sumatra  or  Borneo  Camphor. 
It  differs  slightly  from  laurel-camphor  in  containing  more 
hydrogen,  its  formula  being  C,oIljjjO.  It  may  be  obtained 
by  acting  on  camphor  with  hydrogen,  the  camphor  being 
dissolved  in  .some  inert  li(piid  such  as  toluene,  and  sodium 
added : the  sodium  forms  a compound,  Cj^Hj^^ONa,  while  the 
hydrogen  thus  liberated  acts  on  another  portion  of  the 
camphor,  forming  borneol,  C,oHj^()H — a better  result  being 
obtained  if  absolute  alcohol  is  used  instead  of  toluene 
(Jackson  and  Menke).  Borneo  camphor  is  accompanied  in 
the  tree  by  a volatile  oil  (C^oHj,.)  isomeric  with  oil  of  turpen- 
tine. This  oil,  /)ornecne,  is  also  occasionally  met  with  in 
trade  under  the  name  of  /ujnul  camphor  or  camphor-oil,  but 
differs  from  laurel-camphor  oil  in  not  depositing  crystals  on 
cxj)osure  to  air. 

J'he  constitution  of  the  camphors  is  .still  somewhat  doubt- 
ful. Camphor  is  soluble  to  a slight  extent  in  water,  about  1 
in  700.  J'he  Oflicial  Camphor  Water  (^Aijua  Camphoree, 
B.P.)  is  such  a solution. 

Common  camphor,  and  many  other  of  the  camphors,  oily 
hydrocarbons,  and  oxidized  hydroearboms,  yield  camphoric 
acid,  CsHj^(COOH)^,  and  camphoronic  acid,  C-H9(OH) 
(C00H)2,  when  attacked  by  oxidizing  agents.  Such  reactions 
indicate  natural  relationships.  Camphoric  acid  is  an  anti- 
septic. j. 

Cantharidin,  Ci„Hi20.„  the  active  blistering  principle  oi 
cantharides  {Cantharis,  B.P.)  and  other  vesicating  insects 
(such  as  Mi/la/irix  cichorii  or  'J'c/ini  Fli/,  P.I.,  Mi/labris  phalcrala, 
and  others — Mp/ahris,  B.P.  Add.  i 900— common  in  liuhaj, 
has  most  of  the  properties  of  a camplior  or  a stcaroiitcn. 
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It  slowly  crystallizes  from  an  alcoholic  tincture  of  the 
beetles,  in  fusible,  volatile,  micaceous  plates.  The  following 
process  for  the  extraction  of  cantharidin  is  by  Fumouze : 
Powdered  cantharides  are  macerated  with  chloroform  for 
twenty-four  hours  ; and  this  treatment  is  repeated  twice  with 
fresh  quantities  of  solvent,  the  residue  having  been  well 
squeezed  each  time.  The  eollected  solutions  are  then  dis- 
tilled, and  the  dark-green  residue  treated  with  carbon  bisul- 
jihide,  which  dissolves  fatty,  resinous,  and  other  matters 
and  precipitates  the  cantharidin.  'I  he  precipitate  is  placed 
on  a filter,  washed  with  carbon  bisulphide,  and  recrystallized 
from  chloroform.  Greenish  and  Wilson  published  a process 
for  the  quantitative  determination  of  cantharidin  in  canthar- 
ides. (See  Pharmaceutical  Journal,  vol.  lx.,  p.  255.)  The 
average  amount  found  is  six  or  seven  parts  in  one  thousand. 
Cantharidin  is  readily  soluble  in  warm  glaeial  acetic  acid, 
and  still  more  readily  in  acetic  ether  or  chloroform.  Canthar- 
ides from  which  the  fat  has  been  removed  by  petroleum  ether 
yield  their  cantharidin  with  great  facility. 

Massing  and  Dragendorff  consider  cantharidin  to  be  an 
anhydride,  and  that  with  the  elements  of  water  it  forms 
caniharidic  acid  (H^CjqH^^Oj).  Piccard  gives  to  cantharidin 
the  formula  CjqHj.,0^.  Homolka  assigns  to  it  the  formula 
C,Hj30.^C0C00H. 
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Resins,  Oleo-Resins,  Gum-Resins 

Resins  seem  to  be  products  of  the  oxidation  of  terpenes 
and  the  allied  hydrocarbons  ; they  occur  in  plants,  generally 
in  association  with  volatile  oils.  'I'liey  closely  resemble  cam- 
phors and  stearoptens,  but  are  not  volatile,  and  differ  from 
oils  and  fats  chiefly  in  being  solid  and  brittle.  For  con- 
venience they  are  classified  as  resins,  oleo-resins,  and  gum- 
resins,  the  distinctions  being  founded  as  much  on  physical 
as  on  chemical  j)roperties. 

Oleo-resins  are  mixtures  of  a resin  and  a volatile  oil. 

Gum-resins  are  mixtures  of  a rc;sin  or  oleo-resin  and  gum. 

Balsams  are  commoidy  described  as  resins  or  oleo-resins 
which  yield  benzoic  and  cinnamic  acids  ; they  are  Benzoin 
{Bcnzoiiiuni,  9.P.),  Balsam  of  Peru  (^Pal.samuvi  Peruviaiium, 
B.P.),  Balsam  of  I o\u  (/ia/.samum  I'olulanum,  B.P.),  and  Storax 
{Sli/ra.v  Pra;paralu.s,  B.P.),  and  are  respectively  treated  of 
under  the  above-named  acids. 
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Some  olco-resinSj  containing  neither  of  the  above  acids, 
are  often  termed  balsams  (e.g.,  balsam  of  copaiba,  and  Canada 
balsam)  ; these  are  described  under  the  head  of  Oleo-resins. 

Uesins.* — 1.  Resin,  rosin,  or  colopJionj/  (Jlesina,  B.  P.),  is 
tlic  type  of  this  class.  Its  source  is  the  oleo-resin  or  true 
turpentine  of  tlie  conifers,  a substance  which  by  distillation 
yields  sj)irit  of  turpentine  and  a residuum  of  rosin.  “ Brown  ” 
and  “ white  ” re.sin  are  met  with  in  trade.  The  former  is  the 
residue  of  American,  the  latter  of  Bordeaux  turpentine  (from 
Pinns  Al)ies,  etc.,  and  I^inns  mmitima  respectively).  The  chief 
constituents  of  brown  resin  arc  pinie  acid,  IIC,,oH„j|0.„  and 
silicic  acid,  identical  in  composition  but  differing  in  pro])erties 
(.vec  Isomerism),  tlie  former  being  soluble  and  the  latter 
insoluble  in  cold  alcohol  (90  ]ier  cent.).  White  resin  or 
“galipot”  is  chiefly  pimaric  acid,  also  isomeric  with  pinic 
acid.  Pinic  acid,  cautiously  heated,  yields  co/ophonic  or  colo- 
pliolic  acid.  Besin,  by  destructive  distillation,  yields  resin 
oil,  the  first  portion  being  “ i)alc,”  the  next  “blue,’’  and  the 
third  “green”  resin  oil.  Mixed  with  other  oils,  these  oils 
are  used  for  lubricating  ))urposes  and  in  the  manufacture  of 
printing  ink.  Among  the  products  of  the  destructive  dis- 
tillation of  resin,  Tichborne  found  " colophonic  hijdrale,” 
Cj„II„„(),j,  1I.,(),  a white  inodorous  crystalline  substance,  and 
by  depriving  this  of  water  obtained  white  erystalline  eoh- 
phonin,  (!,„1 1.„^()g.  Resin  is  soluble  in  oil  of  turpentine. 
Contact  with  sulphuric  acid  immediately  colours  it  strongly 
red.  2.  Arniein,  C„„I  I, the  chief  acrid,  and  one  of  the 
active,  ]>rinciples  of  tlie  rootlets  and  rhizome  of  Arnica 
(Arnica;  Rhizoina,  B.P.)  and  of  the  flowers  (Arnieie  Flores, 
B.P.  Add.  1900),  is  a re.sin,  and,  jirobably,  a glucOsidc.  3. 
('annal)in,  said  to  be  the  active  jirincijile  of  Indian  Hemp 
(Cannalns  Indica,  B.P.),  was  obtained  in  1846  by  1.  and  H- 
Smith,  and  is  a resin.  According  to  Vignolo  the  essential 
oil  of  Cannabis  Indica,  jiurified  by  distillation  in  a current  of 
steam  and  extraction  with  ether,  is  a mobile  licpiid  boiling  at 
248°-268°  C.  After  repeated  distillation  from  metallic  .sodium 
in  order  to  remove  a stearopten,  it  yields  a sesquiterpene, 
(C-H.,,,  as  a mobile  colourless  oil  of  aromatic  odour  which 
bolls  at  256°,  and  has  a density  of  0-897  at  15'3°  C.,  and  is 
slightly  la;vo-rotatory.  'I'liis  .soon  resinilies  on  exposure  to 

* The  student  is  not  expected  to  rcineinber,  but  to  uiulcrsland 
all  that  follows  respecting  the  resins. 
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air,  and  on  adding  concentrated  snlphuric  acid  to  its  chloro- 
form solution  the  liquid  becomes  first  green,  then  blue,  and 
red  on  heating.  Vignolo  concludes  that  the  “cannabene” 
prepared  from  this  oil  by  Personne,  was  a mixture.  Preo- 
braschensky  has  stated,  and  since  re-asserted,  that  the  active 
principle  is  nicotine.  Kennedy  searched  for  nicotine  by  two 
methods,  but  found  none.  Hay  found  an  alkaloid,  felaiio- 
caunabinc ; Siebold  and  Bradbury,  also  H.  F.  Smith,  an 
alkaloid  termed  caiinabiiiine.  Warden  and  Waddell,  after 
careful  investigations,  consider  that  the  active  principle  of 
the  plant  has  yet  to  be  isolated.  Jahns  finds  choline  present. 
'I'he  native  names  of  Indian  hemp,  that  is,  of  the  cultivated 
“dried  flowering  or  fruiting  to^is  of  the  female  plants  of 
Cainiabix  .saliva,”  are  ganga  and  giiijah.  It  is  chiefly  grown 
in  Bengal.  Guacn  is  the  name  of  the  Bornbay  product  which 
includes  the  wild  plant.  Both  are  used  for  smoking,  and 
form  the  equivalent  of  the  tobacco  of  western  nations. 
Bhang,  or  .sidee,  consists  of  the  dried  leaves,  fruit,  and  twigs 
of  the  wdld  plant.  Its  infusion  is  used  as  a beverage,  as 
tea  is  in  Europe  and  elsewhere.  Hashish,  made  from  bhang, 
corresponds  to  E.vlraclum  Cannahi.s  Indiccc,  B.P.  Chara.s  or 
churra.s  is  a resinous  exudation  of  the  plant,  and  is  also  used 
for  smoking.  All  these  preparations  are  stimulating  and 
narcotic.  4.  Capsicum- f rial  contains  a resin  (p.  553).  5. 

Caslorin,  a resinous  matter,  is  the  name  given  to  the  chief 
constituent  of  Ca.slor,  the  dried  j)reputial  follicles  and 
included  secretion  of  the  Beaver  (('.aslor  Fiber).  G.  Copal. — 
The  best  copal  is  the  exuded  resin  of  trees  of  extinct  fore.sts, 
and  is  found  beneath  the  surface  of  the  ground  in  the 
neighbourhood  of  existing  trees.  It  appears  to  be  a mixture 
of  acids,  but  its  character  is  still  obscure.  Experiments  by 
Wallach  and  liheindorff  show  that  when  copal  is  distilled,  and 
the  oily  distillate  washed  witli  .soda  and  distilled  with  steam, 
a mobile  liquid  boiling  at  40°-350°  C.  is  obtained.  'I'he 
lowest  boiling  portions  of  this  li(|uid  seem  to  contain  iso- 
prene;  the  portions  boiling  at  154°-1G4°  con.si.st  j)rincipally 
of  a hydrocarbon  of  the  composition  C|„M„;,  whicli  was 
proved  to  be  pinene,  and  the  fractions  boiling  at  about 
175°  were  found  to  contain  dipentene.  7.  Doundahc-barlc, 
an  African  febrifuge,  from  Sarcoccphalu.s  ■ e.sculcntus,  owes  it.s 
activity  to  re.sinoid  substances,  according  to  Ileckel  and 
■ Schlagdenhaufi’en.  8.  Dragon  s Wood  is  a crimson-red  resin 
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found  as  an  exudation  on  the  mature  fruits  of  a Ilotang  or 
Rattan  Palm  (C'alamus  draco).  According  to  Dieterich  it 
contains  a large  proportion  of  aromatic  esters,  with  dracoalban, 
Co„H|oO,p  dracorcsen,  and  other  substances.  9. 

Ergoliu  is  a very  active  resinoid  constituent  of  Eigot  (Ergoia, 
R.P.),  i.c.,  the  sclerotium  (compact  mycelium  or  spawn)  of 
C/avicep.s’  purpurea,  originating  in  the  ovary  of  the  common 
rye,  Seca/e  cerea/c.  According  to  Wenzell,  ergot  contains 
two  alkaloids,  ccholinc  and  crgoUuc,  to  the  former  of  which, 
he  says,  the  activity  of  ergot  is  due.  Rlumberg  considers 
these  alkaloids  to  be  identical.  Tanret  states  that  an  un- 
stable alkaloid  termed  ergothiine  occurs  in  ergot  to  the 
extent  of  1 per  1000  and  that  it  is  accompanied  by  a 
camphor ; also  eigo.de riii,  C„,.H  (yO,  H.,0,  resembling  choles- 
terin.  Dragendorff  and  Podwissotzki  assert  that  ergot  owes 
most  of  its  activity  to  .iclerolic  or  sclerolinic  acid,  present  to 
the  extent  of  about  4 per  cent.  Recent  investigations  seem 
to  show'  that  coruulhie  is  an  active  alkaloid  of  ergot,  associated 
with  crgotinic  and  sphacelinic  acids,  picrosclerotine  and 
ergotinine.  The  activity  really  seems  to  be  due  to  a 
combination  of  alkaloids  and  acids,  and  not  to  any  one 
constituent,  as  no  principle  re2)rescnting  the  full  activity  of 
ergot  has  been  extracted.  Ergot  also  contains  e/ioline,  which 
by  decomposition  may  yield  trimethylamine.  “Ergoliu’’ 
(E.rlraelim  Ergoia;,  R.P.)  is  obtained  from  ergot  by  extrac- 
tion w'ith  alcohol  (GO  per  cent.),  and  jiurification  of  the 
product.  10.  (iuaiaeum-re.nn  (see  j).  582).  11.  Jalap-rc.nii 

(.see  j).  583).  12.  Kou.s.so  (Oimo,  B.P.)  yields  yellow  crystals 

of  a resinoid  substance  readily  soluble  in  alkaline  liquids, 
Icosiii  or  h-oimin,  C^jHgyO^y.  It  is,  perhajis,  an  anhydride. 
13.  Ma.vlic  is  a resinous  exudation  obtained  by  incision 
from  the  stem  of  the  Mastic  or  Lentisk  tree.  Nearly 
nine-tenths  of  mastic  is  maslicMc  acid,  CggHg^Og,  a resin 
soluble  in  alcohol  ; the  remainder  consists  of  ma.ilirin, 
CggHggO,  a teiiacious  elastic  resin,  and  a terpene  having 
the  formula  14.  Mezercou,  the  dried  b.ark  (Mezerei 

Corle.r,  R.P.)  of  Daphne  Mezereum,  Mezereon,  Daphne  /aureola, 
Spurge  Laurel,  and  of  Daphne  Gnidiuw,  owes  its  acridity 
to  a resin.  15.  Pepper  coiitains  resin  (see  j).  628). 
liurgundy  pilch  (Pi.r  Burgundica,  R.P.)  is  the  melted  and 
strained  exudation  from  the  stem  of  the  Spruce  Fir,  /Vcm 
cd'ce/sa.  'I'he  term  Rurgundy  is  a misnomer,  the  resin  never 
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having  been  collected  in  or  near  Burgundy ; Finland,  and  to 
a small  extent,  Baden,  and  Austria  being  the  countries 
whence  it  is  derived.  Its  constituents  closely  resemble  those 
of  ordinary  resin.  It  is  often  adulterated  and  imitated  by  a 
mixture  of  resin  with  palm-oil,  water,  etc.,  from  wliich  it  may 
readily  be  distinguished  by  its  duller  yellow  colour,  highly 
aromatic  odour,  greater  solubility  in  alcohol,  and  almost 
complete  solubility  in  twice  its  weight  of  glacial  acetic  acid 
(Hanbury).  17.  PodoplujUmn-resin. — In  preparing  the  resin 
of  podophyllum  or  May-apple  {Podoplii/l/i  Resina,  B.P. ; Podo- 
p/n/lli  Indicce  Resina,  B.P.  Add.  1900),  an  alcoholic  extract 
of  the  rhizome  and  rootlets  (^Podoplnjlli  Rhizoma,  B.P.,  from 
Podophyllum  peltatnm  ; Podophylli  Indies  Rhizoma,  from  Podo- 
phyllum emodi)  is  poured  into  acidulated  water ; the  resin  is 
then  deposited.  According  to  Guareschi,  podophyllum  con- 
tains a glucoside  resembling  convolvulin.  Podwissotzki  has 
extracted  from  podophyllum  a small  quantity  of  crystalline 
colouring  matter,  fat,  a bitter  crystalline  acid,  a bitter  crystal- 
line neutral  principle,  and  an  amorphous  acid  resin.  Kiirsten 
states  that  the  latter  yields  a crystalline  active  substance, 
podophylloloxin,  (Dunstan  and  Henry, 

which  seems  to  be  the  active  principle  both  of  Podophyllum 
pcllalum,  the  American  drug  (official  in  B.P.)  and  P.  emodi, 
the  Indian  plant.  18.  Pyrelhrin  is  the  acrid  resinous  active 
jjrinciple  of  the  root  of  Anacyclus  pyrethrum  or  Pellilory-rool 
(^Pyrclhri  Radix,  B.P.).  According  to  Buchheim,  alkalies 
break  it  up  into  piperidine  and  pyrethric  acid.  The  crystal- 
line poisonous  principle  obtained  by  Bellesme  from  Pyrethrum 
carneum,  the  powder  of  which  (and  P.  roseum,  and  especially 
P.  cineraria’folium,  or  Dalmatian  Insect  Powder)  is  the  well- 
known  “insecticide,”  has  not  yet  been  analysed.  19.  The 
resiTis  of  Rhubarb.  (See  Chrysophanic  Acid.)  20.  RotUerin, 
crystalline  resin  from  Kamala,  the  minute 
glands  that  cover  the  capsules  of  Rolllera  linctoria  : to  this 
and,  apparently,  allied  resins  (isoroUlerin,  A.  G.  Perkin) 
Kamala  owes  its  activity  as  an  anthelmintic. 

Oi.Ko-iiKSiNs. — 1.  “ (xtpsicin,”  a term  suggestive  of  a dc:- 
finitc  chemical  sul)stance,  is  a name  somewhat  unhapj)ily 
accord(‘d  to  an  indefinite  substance,  an  olco-resiii,  obtained 
5y  digesting  the  alcoholic  extract  of  Capsicum  fruit  (Capsid 
h rue! us,  B.P.)  in  ether  and  evaporating  the  clear  ethereal 
fluid  to  dryness.  Besides  volatile  oil  and  resin,  capsicum 
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fruits  contain  much  fatty  matter  which  Tliresh  states  is 
chiefl}'  free  })ahnitic  acid.  (iS'ce  also  Cap, mine  and  Cap-mkiu, 
G20).  2.  Copaiba  (('opaiba,  B.P.)  is  a mixture  of  essential 

copaim'd/,  (Strauss)^  with  2 or  more  per 

cent,  of  brown  soft  resin,  and  30  to  60  per  cent,  of  a yellow 
dark  resin  consisting  mostly  of  cajjairic  acid,  C.,yH3.,0„, 
with  o.n/copaivic  acid,  C.joH.j^Og  (Fuhling),  and  mdacopairic 
acid,  (Strauss).  Copaiba,  containing  about  ccpial 

p.'irts  of  tliis  acid  and  of  tlie  oil,  lieated  wdth  a fourth  of  its 
weight  of  the  ollicial  magnesium  carbonate,  yields  a trans- 
parent fluid,  owing  to  the  formation  of  magnesium  copaivate 
.ind  solution  of  this  soap  in  the  essential  oil.  With  an  equal 
weight  of  the  carbonate,  enough  soap  is  jiroluced  to  take  up 
the  whole  of  the  essential  oil,  and  form  a mass  capable  of 
being  rolled  into  jn'Ils.  A much  smaller  quantity  of  calcined 
m.agnesia,  as  might  he  expected,  effects  the  same  result;  but 
more  time,  often  .several  days,  is  recpiired  before  the  inter- 
action is  complete.  (Quicklime  has  a similar  effect,  ('opaiba, 
unlike  3,  H’ood-oi/  or  (liirjiin  Bal.'iam  {Diplcrocarpi  Balnammn, 
IM.),  a similar  oleo-resin  from  J)ij)lerocarj)u.s-  lurbinalii.s-  (74 
Laai.s,  IM.)  is  almost  entirely  soluble  in  absolute  alcohol  and 
in  petroleum  spirit.  Co|)aiba  is  often  slightly  fluorescent; 
(lurjun  balsam  is  highly  fluorescent.  The  stated  analogy  of 
Ciurjun  balsam  to  copaiba  is  borne  out  by  its  chemical  com- 
position ; for  by  distillation  it  yields  about  40  per  cent,  of 
an  essential  oil  identical  in  composition  with  oil  of  copaiba, 
the  non-volatile  })ortion  being  resinous.  The  adulteration  of 
copaiba  with  fixed  oil  is  best  detected  by  heating  20  or  30 
drops  in  a caj)sule  until  all  essential  oil  has  evaporated. 
(Turpentine  is  betrayed  by  its  odour  during  this  evaporation.) 
The  residue,  copaiba  resin,  is  brittle  if  pure,  and  more  or 
le.ss  sticky  or  .soft  if  fixed  oil  is  ])resent.  4.  Oleo-resin  ol 
cubebs,  an  ethereal  extract  of  cubebs  decanted  from  waxy 
matter,  was  formerly  official.  5.  Klemi  is  an  exudation  from 
a tree  growing  in  the  Thilip])ine  Islands.  It  consists  of 
volatile  oil  (Cj^il],.)  with  80  or  more  ]>er  cent,  ol  two  resin.s, 
the  one  (C.^oHjj.jOq)  soluble  in  cold  alcohol,  the  other, 
Amipin,  (C^H^)^,!!.^^),  almost  insoluble,  assoeiatecl  with  Aiin/ric 
add  (^143)70.,  (Ikiri).  'I'here  is  an  a-  and  a /i-amyrin,  each 
having  the  formula  CgylIji|()II  (Vesterberg).  It  also  con- 
tains small  cpiantities  of  two  c-rystalline  bodies  solubk  in 
water,  Jin/oidiii,  and  Brcidin  (I'liiekiger).  1 he 
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Icadn  of  Stenhouse  and  Groves  is  either  identical  with  ani}  - 
rin,  or  perhaps  has  the  formula  (Cj3Hg)g,H20.  All  these  sub- 
stances are  probably  hydrous  terpenes.  6.  Wood-tar  (Piv 
Liquida,  B.P.)  is  a mixture  of  several  resinoid  and  oily  sub- 
stances (amongst  others  Creosote,  .sec  [).  502)  obtained  by 
destructive  distillation  from  the  wood  of  Pimts  nijlveslris  and 
other  pines.  When  heated,  it  yields  a terebinthinate  oil 
(^Oleirm  Picis  Liquida;,  U.S.P.)  and  a residue  of  pitch,  [liarth 
Pitch  or  A.s-phalte,  ajspears  to  be  a partially  oxidized  petroleum.) 
Oleum  Cadiiiiim,  B.P.,  “ lluilc  de  Cade,”  or  Juniper  J'ar  Oil,  is 
the  product  of  the  similar  destructive  distillation  of  Juuiperu.s 
0.ripedrus.  7.  Turpentines. — These  oleo-resins  liave  been 
mentioned  in  connection  with  oil  of  turpentine,  their  volatile 
constituent,  and  re.sin,  their  fixed  constituent.  8.  Common 
Frankincen.se  (f Thus  Americanum,  B.P.)  is  the  concrete  turpentine 
of  Pinu.s  palu.stri,s  and  Pinus  tceda.  9.  Canada  Balsam  (fPere- 
hinthina  Canadensis,  B.P.)  is  largely  gathered  in  the  province 
of  Quebec,  and  is  the  turpentine  or  oleo-resin  of  the  Balm  of 
Gilead  Fir  f4hies  balsameaf  10.  Sumhul-rool  QSumhul  Radi.e, 
B.P.)  contains  9 per  cent,  of  resin,  to  which  probably  it  owes 
its  stimulating  properties.  The  resin  consists  of  two  parts, 
one  soluble  in  ether  and  the  other  in  alcohol,  together  with 
valerianic,  sundjulic,  and  sumbuolic  acids.  By  dry  distillation 
it  yields  a blue  oil.  11.  Oleo-Resin  of  J.upulin  (U.S.P.)  is  an 
ethereal  extract  of  the  yellow  glandular  powder  (^iMpulinum, 
B.P.)  attached  to  the  small  nuts  at  the  base  of  the  scales 
which  form  the  aggregate  Iruit  of  the  Hop  (Hunnulus 
Lupulu.s).  It  contains  a volatile  oil  which  is  chiefly  composed 
of  a ses(piiterpene,  an  oxidized  oil  or  resin,  a bitter  extract 
containing  the  hop-bitter,  lupulinic  acid,  and 

tannic  acid.  It  generally  contains  a good  deal  of  earthy 
dust,  but  should  not  yield  more  than  12  jjer  cent,  of  ash,  and 
not  more  than  40  j)er  cent,  of  matter  in.soluble  in  ether. 

Gum-uksins. — 1.  Ammoniacum  fimmoniacwm , B.P.)  is  ;in 
exudation  from  Dorema  Ammoniac  am.  It  contains  20  j)er  cent, 
of  gum,  a little  volatile  oil,  and  70  per  cent,  of  resin  (C,„I  U^„0„ 
— Johnston).  2.  Asqfelida  {A.safclida,  B.P.)  is  a gum-resin 

ol)tained,  by  incision,  from  the  living  root  of  Ferula  fvtida. 
It  contains  Iroin  50  to  lO  per  cent,  of  a resin  which  is  ])artly 
Jcrulaic  acid,  C|(,I1|„(),,  25  to  30  per  cent,  of  gum  (about  two- 
thirds  arabin,  one-third  bassorin,  p.  573),  a little  vanillin, 
and  3 to  5 [)cr  cent,  of  volatile  oil,  which  (Semmler)  contains 
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two  sulphur  comjiounds,  and  two  terpenes, 

CjoHj,.,  and  a sesquiterpene,  C^jHo4-  3.  Euphorhium,  an  old  drug 
which  is  an  emetic  and  purgative  gum-resin,  contains  an  amor- 
phous active  resin,  ciystalline  citphorhou,  and  other 

substances.  4.  The  ordinary  or  Siam  Gamboge  (Cambogia,  B.  P.) 
of  European  trade  is  obtained  from  the  Ganinia  Haiiburii;  the 
gamboge  of  India  (Cambogia  ludica,  B.P.  Add.  1900,  and  P.I.) 
from  G.  morel/a.  When  of  best  (juality,  it  contains  about  20 
j)cr  cent,  of  a gum,  and  75  to  80  per  cent,  of  a j'ellow  resin 
termed  gambogic  acid,  Co„I-E,.,0.,.  5.  Gatbanum  (Galbaniim,  B.P.) 
consists  of  about  25  ]ier  cent,  of  gum,  about  65  ]ier  cent,  of 
resin,  and  9 or  10  per  cent,  of  volatile  oil.  Moistened  with 
alcohol,  and  then  with  hydrochloric  acid,  some  varieties  of 
galbamim  3’icld  a purple  colour.  Galbanum  heated  for  some 
time  to  212^  F.  (100°  C.)  with  hydrochloric  acid,  the  liquid 
separated  and  shaken  with  ether  or  chloroform,  and  the 
latter  evaporated,  yields  somewhat  less  than  1 per  cent,  of 
colourless  acicular  ciystals  of  umbelliferone,  CyHyOg.  Accord- 
ing to  Fliickigcr  and  Ilanbuiy,  umbelliferone  is  soluble  in 
water;  its  solution  exhibits,  especially  on  addition  of  an 
alkali,  a brilliant  blue  fluorescence  which  is  destroyed  by  an 
acid.  A small  fragment  of  galbanum  immersed  in  water, 
shows  fluorescence  on  the  addition  of  a drop  of  ammonia. 
The  same  phenomenon  occurs  with  asafetida,  and  slightly 
with  ammoniacum  ; it  is  probably  due  to  traces  of  umbelli- 
ferone  pre-existing  in  tlicse  drugs.  Umbelliferone  is  also 
j)roduced  from  many  other  aromatic  umbelliferous  ])lants,  as 
Angelica,  Eevislicum  (Lovage,  the  basis  of  an  old  cordial  or 
li(jueur),  and  Mcmn,  when  their  respective  resins  are  sub- 
mitted to  dry  distillation;  also  from  the  resin  of  Daphne 
mezercum.  The  fluorescence  of  umbelliferone  may  be  shown 
by  dipping  bibulous  i)aj)er  into  water  which  has  stood  for  an 
hour  or  two  on  lunqis  of  galbanum,  and  drying  it.  A strip 
of  this  ])aper  placed  in  a test-tube  of  water  with  a drop  of 
ammonia  will  give  a sujierb  blue  solution,  instantly  losing  its 
colour  on  the  addition  of  a drop  of  hydrochloric  acid.  6. 
Myrrh  (Mprrlia,  B.P.),  an  exudation  from  the  stem  of  Bal.sam- 
odendron  Myrrha,  contains  about  half  its  weight  of  soluble 
arabinoid  gum,  10  per  cent,  of  insoluble  gum  (|)rohahly 
bassorin),  2^  of  volatile  oil,  isomeric  with  tliymol  and  carvoiio 
(Kohler),  and  about  25  per  cent,  of  resin  (myrrhic  acid),  t- 
OHbamim  (P.l.)j  or  'I'hus  mascidum,  or  Arabian  Frankincense 
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(from  various  species  of  BosweUifi)  is  about  one-third  gum 
and  nearly  two-thirds  resin  (C4yHgQOg),  with  a little  hydro- 
carbon and  oxidized  hydrocarbon  volatile  oils.  It 

has  always  been  an  important  ingredient  of  incense — myrrh, 
storax,  benzoin,  and  such  fragrant  combustible  resinous  sub- 
stances, being  other  constituents.  8.  Scammony  {see  [i.  587). 

Gum-resins  need  only  to  be  finely  powdered  and  rubbed 
in  a mortar  with  water  to  yield  a medicinal  emnlsion,  in  which 
the  fine  jjarticles  of  resin  are  held  in  suspension  by  the 
aqueous  solution  of  gum. 


QUESTIONS  AND  EXERCISES 
What  are  the  general  chemical  characters  of  volatile  oils  ? — How 
do  volatile  oils  usually  differ  chemically  from  fixed  oils?- — Describe 
the  usual  process  by  which  volatile  oils  are  obtained. — -How  does 
natural  turpentine  differ  from  turpentine  of  trade? — With  what  object 
is  commercial  turpentine  rectified  ? — What  is  the  chemical  nature  of 
indiarubber  and  gutta  percha? — How  is  indiarubber  vulcanized  and 
converted  into  e6on)V.fi  or  vulcanite? — Mention  the  difference  in  com- 
position between  the  volatile  oils  of  Anthemis  nohilis  and  Matricaria 
Chamomilla. — Give  the  systematic  name  for  oil  of  horse-radish. — State 
the  general  composition  of  the  oils  of  lemon,  lime,  bergamot,  citron, 
and  cedra. — Name  the  constituents  of  oil  of  cloves. — In  what  respect 
does  otto  of  roses  differ  from  other  oils  ? — What  class  of  substances 
forms  the  chief  part  of  oil  of  rue? — How  is  camphor-oil  related  to 
camphor? — In  what  respects  do  Borneo  or  Sumatra  camphor  and 
camphor-oil  differ  from  the  corresj)onding  products  of  Japan  and 
China? — How  may  Borneol  be  artificially  prepai-ed? — How  do  resins 
occur  in  nature?  Distinguish  between  resins  and  camphors.  Mention 
the  points  of  difference  of  resins,  oleo-resins,  gum-resins,  and  balsams. 
— Name  the  sources  of  common  resin  or  rosin. — Enumerate  some 
official  articles  of  which  the  active  constituents  are  resins. — Give  the 
distinguishing  characters  of  Burgundy  pitch. — What  is  the  average 
proportion  of  oil  and  of  resin  in  the  so-called  balsam  of  copaiba? — 
Explain  the  effect  of  magnesium  carbonate,  magnesia,  and  lime  on 
copaiba. — Why  do  ammoniacum,  asafetida,  gamboge,  galbanum, 
myrrh,  and  similar  substances  give  an  emulsion  by  mere  trituration 
with  water? 


CARBOHYDRATES 

Under  tlic  name  carbohydrates  tliere  are  grou])ed  a large 
number  of  compounds  containing  carbon  with  liydrogen  and 
oxygen  in  the  same  proportion  as  in  water.  Tliey  include 
sugars,  dextrin,  starch,  cellulose,  etc.  'I'he  molecules  of  some 
of  these  are  very  complex,  but  are  resolved  by  hydrolysis 
into  sugars  such  as  glucose. 
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Tlie  most  commonly  occurring  carbohydrates  contain  six 
or  multij)les  of  six  carbon  atoms ; but  analogous  substances 
with  three,  five,  seven,  eight,  or  nine  carbon  atoms  in  the 
molecule  are  also  known. 

'I'he  sugars  are  amongst  the  simplest  of  the  carbohydrates. 
A 1 arge  number  of  them,  some  identical  with  previously 
known  natural  sugars,  some  previously  unknown,  have  been 
.synthesized.  I'hey  are  partially  oxidized  polyhydric  alcohols, 
having  one  of  their  alcohol  groupings  oxidized  into  an  alde- 
hyde or  ketone  group.  For  example,  the  trihydric  alcohol 
glycerin,  on  oxidation  with  bromine  in  presence  of  solution 
ot  sodium  carbonate,  yields  g/ijceroxe,  which  has  all  the 
characters  of  a sugar. 


1 1 c— C— CH  + ()  = HC— C— 

O O ()  O ()  \ 

H 11  11  11  M 


+ i\,o 


Thi.s,  however,  is  not  stable,  but  spontaueously  condenses 
into  a glucose,  C|,Ilj.,(),.. 

Knjtliroxe,  C,HgO ,,  is  an  example  of  a sugar  with  four,  and 
aralnnose,  of  one  with  five,  atoms  of  carbon.  Most 

of  the  natural  sugars  are  glucoses  or  comjiounds  of 

two  or  three  molecules  of  glucose  minus  water  (Jnoscs  or 
Irioscx). 

Sugars  with  seven,  eight,  and  nine  atoms  of  carbon  have 
been  constructed  by  treating  glucoses  with  hydrocyanic  acid, 
which  combines  with  the  aldehyde  or  ketone  group  to  form 
the  nitrile  of  an  acid  containing  one  more  carbon  atom.  This 
on  hydrolysis  gives  the  acid,  the  lactone  {see  p.  585)  of  which 
may  be  reduced  in  acid  solution  to  the  corresponding  sugar 
by  the  action  of  sodium  amalgam.  This  process  is  then 
rej)eated  to  get  an  eight-carbon  sugar,  and  so  on.  One  of 
these  seven-carbon  sugars  was  found  to  be  identical  Avith  a 
natural  sug.ar,  perseile,  but  most  of  them  have  not  yet  been 
found  occurring  naturally. 


Glucoses,  CgHjoG,. 

Glucoses,  CgHj„Oy.  There  are  two  chief  types  of  these  six- 
carbon  sugars,  differing  from  each  other  in  the  position  of  the 
alcohol  groujjing  that  has  undergone  oxidation,  and  classed 
accordingly  as  aldehyde  and  ketone  sugars — aldoses  and 
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keloses.  Ordinanj  glucose,  or  dextrose  is  an  example  of  the  first 
class,  ■Aud  fructose  or  hemdose  of  the  second.  Eacli  of  these 
classes  contains  a very  large  number  of  physical  isomers, 
differing  from  each  other  in  their  action  on  jiolarized  light 
and  in  some  other  respects  ; these  may  be  most  readily  dis- 
tinguished from  one  another  by  means  of  the  physical 
characters  of  the  compounds  they  form  with  phenyl-hydrazine 
{see  p.  593).  The  large  number  of  these  isomers  is  accounted 
for,  on  the  stereo-chemical  theory,  by  the  circumstance  that 
there  are  no  fewer  than  four  asymmetrical  carbon  atoms 
{see  p.  348)  in  each  molecule.  Thus  there  are  three  dextroses, 
dextro-rotatory,  laevo-rotatoiy,  and  inactive  ; three  analogous 
mannoses  ; three  fructoses  or  laevuloses,  etc. 

All  the  glucoses  above  mentioned  have  been  obtained 
artificially,  the  starting-point  being  an  artificial  glucose 
{(icrose,  CyHj.,Oy)  obtained  by  the  condensation  of  formalde- 
hyde— 6CH.,0  = ; it  is  probably  in  a similiar  waj'^ 

that  natural  sugars  are  produced  by  plants. 

Glucose  (from  yAvKus,  g/iicus,  sweet),  or  Grape-sugar,  or 
Dextrose  is  often  seen  in  the  crystallized  state  in  dried  grapes 
or  raisins  and  other  fruits  ; the  sugar  of  diabetic  urine,  also, 
is  one  of  the  many  glucoses.  Its  crystalline  character  is  quite 
distinct  from  that  of  cane-sugar,  the  latter  forming  short 
monoclinic  prisms,  while  grape-sugar  occurs  in  masses  of 
small  six-sided  plates.  Grape-sugar  is  also  less  soluble  in 
water,  but  more  soluble  in  alcohol  than  cane-sugar. 

According  to  Fresenius,  the  percentage  jn-oportion  of  sac- 
charine matter  in  the  dried  fig  is  60  to  70,  grape  10  to  20, 
■cherry  1 1,  mulberry  9,  currant  6,  whortleberry  G,  strawberry 
§ 6,  ra.spberry  4. 

I Fructose,  or  Fruit-sugar,  or  Lceimlose  is  the  uncrystallizable, 
I tor  very  difficultly  crystallizable,  constituent  of  “inverted” 
0l,!(.vec  p.  560)  cane-sugar.  It  is  found  in  the  grape,  fig  {Ficus, 
I*  9^-9.),  cherry,  gooseberry,  strawberry,  peach,  ])lum  and  other 
ujtfruits,  often  with  dextrose  or  with  cane-sugar,  h'ruit-sugar 
Mrreduces  cupric  salts  and  silver  ammonio-nitrate. 

\ Ordinary  fructose  is  hcvo-rotatory,  while  sucrose  and 
biordmary  glucose  are  dextro-rotatory;  the  latter  rotate  a ray 
^ of  polarized  light  to  the  right  and  the  extent  of  the  rotatioji 
•varies  with  the  amount  of  sugar  present— a fact  easy 
•application  in  determining  the  amount  of  sugar  present 
-syrups  or  in  diabetic  urine. 
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Artificial  formcUioH  of  Grape-sugar  from  Cane-sugar.  Test 
for  .sugar. — Dissolve  a grain  or  two  of  cane-sugar  in  water. 
J o a portion  of  this  solution  placed  in  a test-tube  add  more 
water,  two  or  three  drops  of  solution  of  cupric  sulphate,  a 
considerable  (juantit)'  of  solution  of  caustic  potash  or  soda 
(enough  to  turn  the  colour  of  the  liquid  from  a light  to  a dark 
blue),  and  heat  the  mixture  to  the  boiling-point ; no  obvious 
immediate  change  occurs.  To  another  portion  of  the  sugar 
solution  add  a drop  of  sulphuric  acid,  and  boil  for  ten  to 
twenty  minutes,  then  add  the  cujjric  solution  and  alkali,  and 
heat  as  before  ; a yellowish-red  precipitate  of  ciq)rous  oxide, 
Cu^O,  is  jjroduced.  This  test  is  exceedingly  delicate. 

'I’he  above  reaction  is  due  to  the  conversion  of  the  cane- 
sugar,  into  inverted  .sugar,*  a mixture  of  glucose  and 

fructose,  by  the  influence  of  the  sulphuric  acid,  and  to  the 
reducing  action  of  the  glucose  and  fructose  on  the  cupric 
solution.  'I'he  formation  of  a precipitate  immediately,  with- 
out the  action  of  acid,  shows  the  ])resence  of  the  latter  sugars 
— its  formation  only  after  ebullition  with  acid  indicating,  in 
the  absence  of  starcb  or  dextrin,  cane-sugar.  In  this  reduc- 
tion-process the  sugar  is  oxidized  and  broken  up  into  several 
substances  ; but  the  exact  nature  of  the  reaction  has  not  been 
ascertained. 

Dextrin  also  reduces  tbe  cupric  salt  to  cuprous  oxide, 
unless  its  solution  is  cold  and  very  dilute.  It  does  not  how- 
ever, so  act  on  a solution  of  cupric  acetate  acidified  with 
acetic  acid,  while  glucose  produces  with  this  liquid  the  usual 
red  cuprous  precipitate  (Barfoed). 

Sugar  from  Starch. — Boil  starch  with  a small  ejuantity  of 
water  and  a drop  of  sulphuric  acid  as  in  the  preparation  of 
dextrin,  but  continue  the  ebullition  for  several  minutes ; on 

* Tlie  name  inverted  swjar  originated  from  the  fact  that  while  a 
solution  of  cane-sugar  rotates  the  plane  of  polarization  of  light  to  the 
right,  the  sense  of  the  rotation  is  reversed,  or  “inverted,”  when  cane- 
sugar  is  hydrolysed  into  glucose  and  fructose.  Although  the  glucose 
so  obtained  is  right-rotating  and  is  equal  in  quantity  to  the  fructose, 
yet  the  latter  possesses  left-rotating  j)ower  to  such  an  extent  as  to  pre- 
dominate over  the  right-rotation  of  the  glucose,  and  a left-rotating 
mixture  results. 
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testing  a portion  of  the  cooled  liquid  with  iodine^  and  another 
portion  with  the  heated  alkaline  solution  of  a cupric  salt,  as 
just  described,  it  will  be  found  that  the  starch  has  nearly  all 
become  converted  into  a sugar — glucose.  Maltose  is  also 
formed,  at  first,  but  by  the  continued  action  of  the  acid  is 
changed  to  glucose.  When  made  on  a large  scale,  a warm 
(131°  1".,  51°  C.)  mixture  of  starch  and  water,  of  the  consist- 
ence of  cream,  is  slowly  poured  into  a boiling  solution  of  one 
part  of  sulphuric  acid  in  one  hundred  of  water,  the  whole 
boiled  for  some  time,  the  acid  neutralized  by  adding  chalk, 
the  mixture  filtered,  the  liquid  evaporated  to  a thick  syrup 
and  set  aside ; in  a few  days  it  crystallizes  to  a mass  resem- 
bling solidified  honey.  In  this  operation  a small  quantity  of 
dextrin  remains  with  the  glucose  ; but  if  the  process  be  con- 
ducted under  pressure,  conversion,  according  to  Manbre,  is 
complete.  Sugar  made  from  the  starch  of  rice,  maize,  etc., 
is  largely  used  for  table  .syrups,  confectionery,  bee  food,  and 
as  a partial  sub.stitute  for  malt  in  brewing.  It  is  known  as 
palenl  sugar,  saccharine,  maltose,  etc. 

In  the  United  States  the  dealers  term  the  syrups  “glu- 
co.se,”  and  the  further  evaporated  solid  product  “grape- 
sugar.”  The  former  contain  one-third  or  more  of  glucose, 
about  one-fifth  of  malto.se,  one-fourth  or  more  of  dextrin,  and 
about  one-sixth  or  one-fifth  of  w.ater  ; the  latter  often  contain 
about  three-fourths  of  glucose,  from  none  uj)  to  one-third  of 
maltose,  and  one-seventh  or  oiie-sixth  of  water. 

Galactose  (from  milk-sugar).  Sorbinose  (from  mountain- 
ash  berries),  Inosite  (from  muscle).  Mannose  (from  maiinite), 
Gulose,  Fonnose,  fi-Acrose,  Danibose  (from  a caoutchouc),  and 
SepUite  (from  many  fish),  are  other  glucoses. 

Saccharoses,  or  Bioses, 

Cane-sugar,  or  Sucrose  (Saccliarmn  ruri/icatuni,  B.P.),  is 
a frc(|uent  constituent  of  vegetable  juices.  ' Thus  it  forms  the 
chief  portion  of  cassia  pulp  {Cassice 'Pulpa,  H.P.),  is  contained 
in  the  carrot  and  turnip,  but  is  most  plentiful  in  the  sugar- 
cane , much,  however,  is  now  obtained  from  the  .sugar-maple 
and  beetroot.  On  evaporation  of  the  juice,  common  brown 
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or  moist  sugar  crystallizes  out ; this  by  re-solution,  filtration 
through  animal  charcoal,  evaporation  to  a highly  concentrated 
syrup,  and  crystallization  in  moulds,  yields  the  compact 
crystalline  conical  loaves  known  in  the  trade  as  loaf-sugar. 
'J'liese  loaves  wlien  broken  into  fragments  or  sawn  into  cubes 
form  lump-  or  cube-sugar.  From  a slightly  less  concentrated 
syrup,  slowly  cooled,  tlie  crystals  termed  ,'mgar-caudy  are 
deposited,  wliite  or  coloured,  according  to  the  colour  of  the 
syrup.  The  official  syru])  (Sjjrupus,  B.P.)  is  an  aqueous  solu- 
tion, consisting  of  two-thirds  sugar  and  one-third  water. 

'I'lic  sugar  ill  fresh  fruits  is  mainly  cane-sugar  ; but  by  the 
action  of  the  acid,  or  jio.ssibly  of  a ferment  in  the  juice,  it  is 
gradually  converted  into  a mixture  of  glucose  and  fructose  in 
var3'ing  projjortions.  Ripe  Hijjs  contain  30  per  cent,  of  such 
sugar,  besides  gum  and  acid  malates  and  citrates.  Sugar 
from  flowers,  as  gathered  in  the  form  of  syrup  by  bees,  is 
))robabl3'  a mixture  of  these  two  varieties.  It  is  gradually 
altered  to  a crystalline  or  granular  mass  consisting  largely 
of  glucose,  as  seen  in  dried  fruits,  such  as  Raisins  and  the 
Prune  (^Priiiiinii,  B.P.),  and  in  solidified  Honey.  Honey  often 
contains  pollen,  hairs,  spores,  the  dust  from  the  flower.s,  and 
various  flocculcnt  matters  which  cause  it  to  ferment  and  yield 
mannitc,  alcohol,  and  acetic  acid  ; hence  for  use  in  medicine 
it  is  directed  that  honey  be  clarified  by  melting  and  straining 
while  hot  through  flannel  previously  moistened  with  warm 
water  (d/c/  Dejiuratiim,  B.P.).  A mixture  of  clarified  honey 
80  ])cr  cent.,  acetic  acid  10  per  cent.,  and  water  10  per 
cent.,  is  official  under  the  name  of  0.rij7iiel  (from  d^us,  o.riis, 
acid,  and  /xcAt,  meli,  honey).  A similar  mixture  of  honey 
witli  acetic  acid  containing  the  soluble  portions  of  squill- 
bulbs  (Seil/a,  B.P.)  is  known  as  Oxymel  of  Squill  (O.rtpiiel 
ScUhe,  11.  P.).  Such  a mixture,  also,  made  from  the  jmunger 
bulbs  of  tlrginea  iiidica  and  of  Scilla  indiea  (JJrginea,  B.P. 
Add.  1900)  forms  Oxipnel  Urginece  (B.P.  Add.  1900).  Honey 
and  cane-sugar  are  the  bases  of  the  official  Coii  feet  ions. 

Maltose,  Cj.,H220]i. — This  ciystallizable  sugar  is  formed, 
together  with  dextrin,  when  diastase  or  dilute  acids  act  upon 
starch.  In  the  case  of  diastase  it  is  the  ultimate  product, 
but  the  dilute  acids  may  convert  it  into  glucose.  It  differs 
also  from  glucose  in  its  o])tical  activity. 

Cane-sugar,  maltose,  and  gra])e-sugar  yield  alcohol  and 
carbonic  anhydride  by  fermentation,  the  cane-sugar  and  the 
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maltose  apparently  undergoing  hydrolysis  before  the  j)ro- 
duction  of  alcohol  commences. 

In  bread-making,  some  of  the  starch  is  converted  into 
dextrin,  and  this  into  sugar  by  the  ferment.  The  above 
action  then  goes  on,  the  liberation  of  gas  jiroducing  the 
rising  or  swelling  of  the  mixture  of  Hour,  water,  and  yeast 
(dough).  The  temperature  to  which  the  mass  is  subjected 
in  the  oven  causes  the  escape  of  most  of  the  alcohol,  and  the 
expansion  of  the  bubbles  of  carbonic  anhydride  in  every  part 
of  the  now  spongy  loaf.  The  carbonic  anhydride  gradually 
evolved  when  flour  is  worked  uj)  for  bread  with  a mixture 
of  dry  sodium  bicarbonate  and  tartaric  acid  (best  preserved 
by  previous  admixture  with  dried  flour  and  a little  magnes- 
■ ium  carbonate) — baking-powder — exerts  similar  influence. 
The  least  objectionable  method  of  introducing  carbonic  anhy- 
fdride,  however,  is  that  of  Dauglish,  whose  patent  aerated 
' bread  is  made  from  flour  by  admixture  with  carbonic  acid 
water  under  pressure  by  the  aid  of  machinery.  On  removal 
from  the  cylinder,  the  resulting  dough  expands  by  the 
natural  elasticity  of  the  imprisoned  carbonic  anhydride,  and 
the  oven  completes  the  process.  All  fermented  bread 
etains,  obviously,  a little  alcohol,  sometimes  0‘25  per  cent. 

Action  of  Alkali  on  Sugar. — To  a solution  of  grape-sugar 
add  solution  of  caustic  potash  or  soda,  or  solution  of  potassium 
arbonate,  and  warm  the  mixture  ; the  liquid  is  darkened  in 
•olour  from  amber  to  brown,  according  to  the  amount  of 
ape-sugar  present.  A very  little  picric  acid  greatly  in- 
ensifies  the  colour. 

7 V.v/.y. — The  above,  the  copper-reaction,  and  the  fermenta- 
ion  process  (p.  485)  form  three  good  tests  for  the  presence 
)f  grape-sugar,  and,  indirectly,  of  cane-sugar.  A piece  of 
nerino  or  other  woollen  material,  previously  dijjped  in  a 
iolution  of  stannic  chloride  and  dried,  becomes  of  a brown 
>r  black  colour  when  dipped  in  a solution  of  glucose  and 
leated  to  about  .300“  F.  (about  150“  C.)  by  holding  l)efore  a 
i re. 


Harlep-sngar  is  m.ide  l>y  heating  cane-sugar  with  water 
util  the  whole  is  li(|uefied  and  tlien  boiling  off  the  added 
•ater,  a change  from  the  crystalline  to  the  vitreous  condition 
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occurring,  witli  absorption  of  heat.  The  greater  portion  of 
confectioners’  “sweets”  are  formed  of  vitreous  sugar.  They 
slowly  revert  to  the  crystalline  condition,  with  evolution  of 
heat.  Treacle,  Mohmes  or  Melnssex  (from  Mel,  honey),  or  Golden 
Sj/rup,  chiefly  results  from  the  application  of  too  much  heat 
in  evai)orating  the  syrups  of  the  sugar-cane ; it  is  a mixture 
of  cane-sugar  with  uncrystallizable  sugar  and  more  or  less 
colouring  matter.  Liquorice-root  {GIpcyrrhkw  Radix,  B.P.) 
contains  much  uncrystallizable  sugar. 

Caramel. — •Heat  a grain  or  two  of  sugar  in  a test-tube 
until  it  blackens  ami  froths ; the  jiroduct  is  caramel,  or 
hund  .sugar  (the  Saccharum  lJ,slum  of  pharmacy).  It  is 
used  as  a colouring  agent  for  gravies,  confectioneiy,  spirits, 
vinegar,  and  similar  materials.  It  is  a mixture  of  substances, 
“caramels”  having  slightly  varying  properties. 

Millc-.siigar,  or  Laclo.se,  Cj.^M._j2()j|,H,20  (^Saccharum  Lacll.s, 
11. 1’.),  the  sweet  j)rinciple  of  the  milk  of  animals,  is  not  sus- 
ee))til)le  of  alcoholic  fermentation  by  ordinaiy  yeast;  certain 
sjjccics  of  .saccharomijcc.s,  however,  convert  it  into  alcohol.  It 
resembles  grape-.sugar  in  reducing  an  alkaline  cu]n-ic  solution 
with  precij)itation  of  cu])rous  oxide.  It  is  obtained  from 
milk  by  adding  a few  drops  of  acid,  stirring,  setting  aside 
for  tbe  curd.s  to  separate,  filtering,  evaporating  the  whcii  to 
a .small  bulk,  filtering  again  if  necessary,  and  allowing  to 
cool  and  crystallize.  The  de))osited  crude  “ .y«grt?-sand ” is 
afterwards  refined  and  recrystallized.  Thus  obtained,  milk- 
sugar  has  the  formula  above  given,  but  if  deposited  from  the 
bot  solution  during  evaporation,  the  crystals  are  anhydrous, 
Milk-sugar  is  convertible  by  the  action  of  dilute 
acids  (hydrolysis)  into  galactose  and  glucose  ; these  may  be 
made  to  interact  to  form  milk-sugar.  Powdered  milk-sugar  is 
used  in  pharmacy  as  a vehicle  for  potent  solid  medicines.  The 
official  article  is  “in  crystals  or  in  crystalline  masses,  greyish- 
white,  hard,  odourless,  ftiintly  sweet.  Soluble  in  7 parts  of 
cold  water,  and  in  about  1 part  of  boiling  water.  It  .should 
not  leave  more  than  0‘25  per  cent,  of  ash  when  incincraled 
with  free  access  of  air.”  A limit  of  ash  is  nece.ssary  as  a 
test  of  purity,  because  magnesium  carbonate  or  oxide,  i 
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added  to  neutralize  tlie  aciditj'  of  the  whey  durino-  evapora- 
tion, as  is  sometimes  done,  gives  rise  to  the  presence  of 
magnesium  lactate  in  the  milk-sugar,  and  this  salt  being 
converted  into  carbonate  or  oxide  on  incineration,  increases 
the  amount  of  ash. 

Saccharic  Acid,  H.,C,H,Os,  or  CjH,(C)H),(COOIi)„  is  the 
pi’oduct  of  the  oxidation  of  sucrose,  glucose,  stare li,  gum,  and 
lignin  by  nitric  acid.  Mannose  yields  manno-saccharic  acid, 
isomeric  with  saccharic  acid.  Miicic  acid,  also  isomeric  with 
saccliaric  acid,  may  be  obtained  by  the  oxidation  of  lactose, 
gum,  and  dulcite. 

Melilose  or  Melilriose  (from  eucalyptus)  is  a triose,  giving 
on  hydrolysis  galactose,  glucose,  and  fructose.  MelcrAtusc 
(from  the  larch)  and  Trehalose  (from  Turkish  manna),  belong 
to  the  Saccharoses. 

“ IIvnei/-dew”  is  a viscid  saccharine  matter  occasionally 
met  with  on  the  leaves  of  the  lime,  maple,  black  alder,  rose, 
and  other  trees,  being  a sweet  principle  exuded  from  apliides. 
Sometimes  it  is  sufficiently  abundant  to  dry  and  fall  on  the 
ground,  forming  a veritable  shower  of  manna.”  It  is  a 
mixture  of  cane-sugar,  inverted  sugar,  and  dextrin. 


QUESTIONS  AND  EXERCISES 

Into  what  three  classes  may  the  carbohydrates  be  divided? — How 
is  grape-sugar  obbiined  from  cane-sugar? — How  are  cane-sugar  and 
grape-sug.-ir  analytically  distinguished? — How  is  dextrose  obtained 
from  starch  ? — Mention  the  chief  sources  of  cane-sugar. — Give 
chemical  exj)lanations  of  the  proce.sscs  of  bread-making.  What  is 

the  difference  between  fruit-sugar  and  honey? — What  is  oxymel? 

Describe  the  effect  of  heat  on  cane-sugar. — How  is  milk-sugar 
obtained,  and  how  does  it  differ  from  other  sugars? — How  may 
rnueic  and  saccharic  acids  be  obtained  ? 


Amyloses,  or  Amyloids, 

Starch,  is  contained  in  large  or  small  (piantities 

tin  nearly  every  plant.  It  forms  about  60  to  70  per  cent,  of 
nvheat,  and  from  20  to  .30  per  cent,  of  potatoes.  The  starch 
lofficially  recognised  in  the  llritish  Pharmacopa-ia  {A  will  aw) 
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may  be  that  of  wlieat  {^Triticmn  sn/irinn);  maize  (ZtY/  Mays), 
and  rice  (Onjza  saliva). 

Krpcrimoil. — Rasj)  or  grate,  or  scrape  witli  a knife,  a 
portion  of  a clean  raw  potato,  letting  the  jmlp  fall  on  to  a 
j)iece  of  muslin  placed  over  a small  dish  or  test-glass,  and 
tlien  pour  a slow  stream  of  water  over  the  pulp ; minute 
particles  or  granules  pass  tlirough  tlie  muslin  and  sink  to  the 
bottom  of  the  vessel,  fibrous  matter  remaining  on  the  sieve. 
The  granules  consist  of  potato  starch.  Even  diseased 
potatoes  furnish  good  starch  by  this  method.  Wheat-starch 
may  l)e  obtained  by  tying  up  some  Hour  in  a piece  of  calico, 
and  kneading  the  bag  in  a slow  stream  of  water  flowing  from 
a tap,  tlie  washings  running  into  a deep  vessel,  at  the  bottom 
of  whicli  tlie  starch  collects;  the  sticky  matter  remaining  in 
the  bag  is  gluten. 

'I'he  hlue  starch  of  the  shops  is  artificially  coloured  with 
smalt  or  indigo,  to  neutralize  the  yellow  tint  of  recently 
washed  linen  ; it  should  not  be  used  for  medicinal  j)urposes. 
Starch  dried  in  mass  splits  up  into  the  familiar  columnar 
masses  in  which  the  commercial  article  is  met  with. 

Gluten  is  the  substance  which  gives  tenacity  to  dough  and 
bread.  It  seems  to  be  a mixture  of  vegetable  fibrin,  vege- 
table casein,  and  an  albuminous  matter  termed  glutin.  Each 
of  these  bodies  contains  about  16  per  cent,  of  nitrogen.  In 
the  anhydrous  condition  gluten  consists  of  carbon  52'G  per 
cent.,  hydrogen  7 jier  cent.,  nitrogen  16  per  cent.,  and  ox3’gen, 
with  a trace  of  sulphur,  24’4  per  cent.  IVheatcn  Flour  con- 
tains about  72  jier  cent,  of  starch  and  11  of  gluten,  as  well 
as  sugar,  gum,  fine  bran,  water,  and  ash.  The  comi)actness 
of  barley,  well  seen  in  Husked  or  Pearl  Barley,  is  said  to  be 
due  to  the  large  amount  of  vegetable  fibrin  present.  During 
germination  the  fibrin  is  destroyed  ; hence,  probably,  the  cre- 
taceous character  of  malt.  Oabneal,  popular  when  made  into 
“ porridge,”  is  rich  in  albumenoid.s,  or  flesh-forming  con- 
stituents, containing  nearly  16  per  cent.  Sago  is  granulated 
starch  from  the  Sago  Palm  ; tapioca  from  the  Bitter  Cassava  : 
each  has  less  than  1 per  cent,  of  albumenoids.  i’he  white 
translucent  Rice  grains  are  the  husked  seeds  of  Orjfza  satira. 
Bice  is  a staple  article  of  food  in  tropical  countries,  (iroiind 
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rice  {Ori/EW  Farina),  resembles  Hour  of  wheat  in  composition, 
but  contains  from  85  to  90  per  cent,  of  starch. 

Mucilage  of  Starch. — Mix  two  or  three  grains  of  starch 
with  first  a little  and  then  more  water,  and  heat  to  the 
boiling  point;  starch  mucilage  (^Mucilage  of  Starch,  B.P.) 
results. 

This  mucilage  or  paste  is  not  a true  solution  ; by  long 
boiling,  however',  a portion  of  the  starch  becomes  dissolved. 
In  the  latter  case  the  starch  probably  becomes  somewhat 
altered. 

Text. — To  some  of  the  mucilage  add  a very  little  free 
iodine ; a deep-blue  colour  is  produced.  This  reaction  is 
a very  delicate  test  for  the  presence  of  either  iodine  or 
starch.  The  starch  must  be  in  the  state  of  mucilage  ; hence 
in  testing  for  starch  the  substance  supposed  to  contain  it 
must  first  be  boiled  with  water.  The  solutions  used  in  the 
reaction  should  also  be  cold,  or  nearly  so,  as  the  blue  colour 
disappears  on  heating,  though  it  is  partially  restored  on 
cooling.  The  iodine  reagent  may  be  iodine-water  or  tincture 
of  iodine.  In  testing  for  iodine,  its  occurrence  in  the  free 
state  must  be  ensured  by  acidulation  if  necessary,  and  the 
addition  of  a drop,  or  even  less,  of  chlorine-water.  Excess 
of  chlorine  must  be  avoided,  or  iodic  acid  will  be  formed, 
which  does  not  colour  starch. 

The  so-called  iodide  of  starch  scarcely  merits  the  name 
of  a chemical  compound,  the  state  of  union  of  its  con- 
stituents being  so  feeble  that  it  is  decomposed  at  100°  F. 
(37'7°  C.),  while  substances  which  attack  fi-ee  iodine  remove 
that  element  from  it.  Thus  the  alkalies,  hydrogen  sulphide, 
sulphurous  acid  and  other  reducing  agents,  destroy  the  blue 
colour.  Dry  starch  will  absorb,  according  to  its  source, 
from  6 to  8 per  cent,  of  iodine ; but  in  the  state  of  mucilage 
three  times  the  epantity.  There  are  probably  three  definite 
compounds  of  starch  with  iodine.  With  nitric  acid,  starch 
yields  an  explosive  compound  (Xyloidin)  Cj.,Hj|.Oy(N03).,. 
Two  isomeric  tetranitro-derivatives,  as  well  as  "a  penta-  and 
a hexanitro  derivative,  are  known. 

Compo.sition  of  Starch  Granules. — Starch  granules  consist 
mainly  of  granulose,  soluble  in  cold  water  and  giving  an 
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iiidigo  colour  with  iodine,  and  starch  cellulose,  insoluble  in 
water  and  ^?iving  w'ith  iodine  a dirty  yellow  colour,  with, 
possibly,  other  carbohydrates.  The  starch  cellulose  forms 
an  external  coating  upon  the  granule,  and  also  exists  mixed 
with  the  granulose  inside  the  granule.  If  this  coating  be 
In-oken  by  mechanical  means,  the  continued  application  of 
cold  water  removes  all  the  granulose,  leaving  the  cellulose 
insoluble.  the  action  of  diastase,  ptyalin,  and  other 

ferments,  and  by  other  means,  the  granulose  may  be  con- 
verted into  sugar  and  dextrin,  leaving  the  starch  cellulose 
unacted  upon. 

Microscopic  Eu'aminalion  of  Starches, 

All  kinds  of  starch  afford  the  blue  colour  with  iodine, 
showing  their  chemical  similarity.  Physicallj^,  however, 
the  granules  of  different  starches  differ  from  each  other ; 
hence  a careful  microscopic  examination  of  any  starch,  or 
of  any  powder  or  vegetable  tissue  containing  starch,  enables 
the  observer  to  state,  with  a high  degree  of  probability,  the 
source  of  tlie  starch,  either  at  once  if  he  has  much  exj)erience, 
or  after  comparing  the  granules  in  question  with  authentic 
specimens.  A glance  at  the  accompanying  eight  engrav- 
ings * of  common  starches  will  show  to  what  extent  different 
starch  granules  differ  naturally  in  size,  shaj)e,  general  ajipear- 
ance,  distinctness  and  character  of  the  rugai,  and  position  of 
the  more  or  less  central  point  or  hilum.  While  from  different 
starches  individual  granules  may  be  picked  out  which  much 
resemble  each  other,  tlie  appearance  of  each  starch  as  a 
whole  is  fairly  characteristic ; that  is  to  say,  each  group  of 
granules  differs  in  one  or  more  characters  from  similar  groups 
of  granules  of  other  starches. 

A quarter-inch  object-glass  will  commonly  suffice  for  the 
microsco])ic  examination  of  starch.  A very  little  of  the 
starch  is  mixed  on  a glass  slide  with  a drop  of  water,  and  a 
piece  of  thin  covering-glass  placed  on  the  drop  and  gentl}'^ 
jiressed,  so  as  to  provide  a ver}^  thin  layer  for  observation. 
Instead  of  water,  diluted  alcohol,  diluted  glycerin,  turpen- 
tine or  other  essential  oil,  Canada  balsam,  and  other  ffuids 

* By  permission  of  Messrs  Longmans  & Co.,  tliese  engravings 
liave  been  copied,  with  very  few  modifications,  from  the 
two  of  the  three  volumes  of  the  original  edition  of  Pereira’s  “Materia 
Medica.” 
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may  be  used  in  cases  where  tlie  markings  or  other  appear- 
ances are  not  well  defined.  The  illumination  also  of  the 
granules  may  he  varied,  the  light  being  reflected  or  trans- 
mitted, concentrated  or  diffused,  white  or  coloured,  polarized 
or  plain.  Polarized  light  is  especially  valuable  in  developing 
differences,  and  in  intensifying  the  effects  of  obscure  mark- 
ings. By  polarized  light  the  granules  of  potato  starch 
appear  as  if  traversed  by  a black  cross ; wheat  starch 
gramdes  and  many  others  also  peculiarly  and  character- 
istically influence  polarized  light.  Distinctive  characters 
will  sometimes  present  themselves  only  when  the  granules 
are  made  to  roll  over  in  the  fluid  in  which  they  have  been 
temporarily  mounted,  or  when  the  slide  is  gently  warmed. 
Starches  which  have  already  been  subjected  to  the  influence 
of  heat,  partly,  as  in  sago  or  tapioca,  or  almost  entirely,  as 
in  bread,  will  of  course  differ  in  appearance  from  granules 
of  the  same  starch  before  being  dried,  cooked,  or  torrefied. 
The  characters  of  a starch  will  also  vary  somewhat  accord- 
ing to  the  age  and  condition  of  the  plant  3delding  it. 

'I’lie  description  of  the  mici’oscopic  characters  of  the 
official  varieties  of  starch*  is  as  follows: — ^1.  Wheat  starch  : 
A mixture  of  large  and  small  granules,  the  former  lenticular 
in  shape,  and  marked  wjth  faint  concentric  striae  surrounding 
a nearl}"  central  hilum.  2.  Maize  starch  ; Granules  more 
uniform  in  size,  frequentl}’  polj^gonal,  somewhat  smaller  than 
the  large  granules  of  wheat  starch,  and  having  a very  distinct 
hilum  but  no  evident  concentric  striae.  3.  Rice  starch : 
Granules  extremely  minute,  nearly  uniform  in  size,  poly- 
gonal, and  without  evident  hilum  or  .striae. 

The  student  may  place  fair  confidence  in  the  accompany- 
ing lithographs,  and  in  most  of  the  published  engravings  of 
starch-granules ; but  in  microscopic  analyses  of  importance 
the  worker,  should,  if  possible,  himself  obtain  actual  speci- 
mens of  starches  for  comparison  from  the  respective  seeds, 
fruits,  and  other  tissues. 

hiulin,  6C,.Il,yO-,II.^O  (Kiliani),  occurs  with  similar  sub- 
stances, pxeudo-inulin,  16C„Hj(,Oj,H/),  and  10C,.Hj„Of,, 

I * For  pl.ites  and  descriptions  of  the  characters  of  other  starches 
I occurring  in  plants  used  for  medicinal  purposes,  the  reader  is  referred 
j to  works  on  .Materia  Mcdiea,  and  to  the  indexes  of  Journals  of  Pliar- 
1 niacy,  as  well  as  to  general  works  and  magazines  on  micro.scopy.  For 
» ! engravings  of  sbireli  granules  in  xltu,  nen  Berg’s  “ Anatornischer  Atlas,” 

J published  by  Gaerttier,  Berlin, 
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2H2O  (Tanret).  It  is  a wliite  powder  apparently  occupying 
the  place  of  starch  in  the  roots  of  many  plants,  especially 
those  of  the  natural  order  Compositau  Twenty  to  forty-five 
per  cent,  has  been  obtained  from  elecampane  (I?iuln  hcleniiim). 

' It  is  also  contained  in  the  dahlia,  colchicum,  arnica,  dande- 
lion, chicory,  artichoke,  etc.  It  is  soluble  in  boiling  water, 
nearly  all  being  re-deposited  on  cooling.  Iodine  turns  it 
yellow.  Long  ebullition  converts  it  into  a kind  of  gum. 
Like  .starch,  inulin  is  convertible  into  sugar,  but  by  its  own 
special  ferment,  the  existence  of  which  in  the  Jerusalem 
Artichoke  has  been  demonsti’ated  by  J.  R.  Green.  This 
ferment  differs  from  diastase  in  being  without  the  power  of 
converting  starch  into  sugar. 

Lirlieilin,  is  a wliite  starch-like  powder  largely 

contained  in  many  lichens — Iceland  “ Moss,”  Celrnria  Ix/andica, 
and  many  others.  It  is  soluble  in  boiling  water,  and  the 
fluid  gelatinizes  on  cooling.  It  may  be  precipitated  from  its 
aciueous  solution  by  addition  of  alcohol.  With  iodine  it  gives 
a laaldi.sh-blue  colour. 

(i/i/cogcii,  or  anivKil  xtarc/i,  is  the  name  given  to  the  solid 
matter  stored  in  the  liver  and  resulting  from  the  dehydration 
of  the  digested  liydrated  food  which  has  been  carried  to  the 
liver  by  the  portal  vein. 

Dexiriu,  wC,;Hj„Or,. — Mix  a few  grains  of  starch  with  half 
a test-tubeful  of  cold  water  and  a drop  or  two  of  sulphuric 
acid,  and  boil  for  a few  minutes ; no  thick  mucilage  is 
formed,  and  the  licpiid,  if  sufficiently  boiled,  yields,  on  cooling, 
no  blue  colour  with  iodine  ; the  starch  has  become  converted 
into  dextrin  and  sugar.  Dextrin  is  also  produced  if  starch  is 
maintained  at  a temperature  of  about  320°  F.  (160°  C.)  for  a 
short  time.  Dextrin  is  largely  manufactured  in  the  latter 
wav,  and  a paste  of  it  is  used  by  calico  jjrinters  as  a vehicle 
for  colours  ; it  is  termed  British  gum.  'I'he  change  may  also 
be  effected  by  diastase,  a peculiar  ferment  existing  in  malt. 
Mix  two  equal  quantities  of  .starch  with  equal  amounts  of 
water,  adding  to  one  a little  ground  malt,  then  heat  both 
slowly  to  the  boiling-point:  the  mixture  without  malt, 
thickens  to  a paste  ; that  with  malt  remains  thin,  its  starch 
having  become  converted  into  dextrin  and  maltose. 
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Diastase  is  probablj'  a mixture,  but  possibly  an  oxidation 
product,  of  the  coagulable  albumenoids.  It  is  so  named  from 
Sitto-Tuo-is  (diastasis'),  separation,  in  allusion  to  the  separation, 
or  ratlier  alteration,  it  effects  among  the  constituent  atoms  of 
the  molecule  of  starch.  This  function  is  shared  by  the  saliva, 
pancreatic  juice,  bile,  and  the  intestinal  and  other  juices. 
The  function  is  completely  destroyed  when  the  albumenoids 
are  coagulated  by  a temperature  of  from  176°  to  178°  F.  (80° 
to  81°  C.). 

The  action  of  diastase  upon  starch. — Diastase  has  scarcely 
any  action  upon  unbroken  starch  granules.  The  granules 
must  be  ruptured  by  gelatinization  with  heat  and  moisture, 
or  in  some  other  way.  When  a solution  containing  diastase, 
such  as  a cold  water-  infusion  of  malt,  is  allowed  to  act  upon 
gelatinous  starch  or  .starch-paste  at  140°  to  160°  F.  (60°  to 
71°  C.),  liquefaction  occurs.  It  is  possible  to  operate  so  that 
when  liquefaction  has  taken  place,  the  solution  shall  give  no 
reaction  for  sugar  or  dextrin.  If  this  solution  be  concen- 
trated and  allowed  to  cool,  a glistening  white  precipitate  of 
soluble  starch  falls.  Soluble  starch  is  probably  the  result  of 
the  partial  decomposition  of  the  more  complex  molecule  of 
granulose  or  gelatinous  starch.  The  next  step  in  the  action 
of  diastase  upon  gelatinous  starch  is  the  breaking  down  of 
the  soluble  starch  molecule  into  dextrin  and  maltose.  At 
least  ten  dextrins  are  successively  produced,  each  simpler 
than  the  one  preceding  it,  the  proportion  of  maltose  being 
correspondingly  increased.  The  dextrins  first  produced  give 
a red  or  brown  colour  with  iodine,  while  those  last  pro- 
duced, and  having  a simpler  molecule,  give  no  colour  with 
iodine.  The  final  reaction  may  be  expressed  thus : — 

10(C,.,H,„(),,)  + 8H,0  = 8(Ci.,H,,0„)  + 4(C„H,/),) 

Holubln  .starch  Maltose  Dextrin 


The  dextrins  are  distinguished  by  their  rotatory  power,  their 
reducing  action  on  cupric  salts,  and  in  other  ways. 

Starch  heated  with  glycerin  is  converted  into  the  soluble 
variety.  The  latter  may  be  precipitated  from  an  aqueous 
solution  by  strong  alcohol.  A concentrated  solution  in  water 
gradually  gelatinizes,  owing  to  reconversion  into  in.soluble 
starch  (Zulkowsky). 

The  (u-tion  of  dilute  acids  upon  .starch. — Dilute  acids  act 
upon  gelatinous  starch  in  the  same  way  as  diastase,  except 
that  the  final  product  is  glucose. 
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Mall  (the  word  malt  is  said  to  be  derived  from  the  Welsh 
mall,  soft  or  “ rotten  ”)  is  simply  barley  which  has  been  soft- 
ened by  steeping  in  water,  and  allowed  to  germinate  slightly, 
any  further  change  being  then  arrested  by  the  application 
of  heat  in  a kiln.  During  germination  the  gluten  breaks  up 
and  yields  a glutinous  substance  termed  vegetable  gelatin, 
diastase,  and  other  matters.  To  the  vegetable  gelatin  is 
due  much  of  the  “ body  ” of  well  malted  and  slightly  hopjied 
beer  ; it  is  precij)itated  by  tannic  acid  ; hence  the  thinness 
of  ale  (])ale  or  hitter)  brewed  with  a large  jiroportion  of  ho])s 
or  other  material  containing  tannic  acid.  A portion  of  the 
diastase  reacting  on  the  starch  of  the  barley  converts  it  into 
dextrin,  and,  indeed,  caiTies  conversion  to  the  further  stage 
of  maltose,  as  will  be  explained  immediately.  The  tempera- 
ture to  which  the  malt  is  heated  is  made  to  vary,  so  that  the 
sugar  of  the  malt  may  or  may  not  be  partially  altered  to  a 
dark-brown  colouring  material;  if  the  temperature  is  high, 
the  malt  is  said  to  be  high-dried,  and  is  used  in  jjorter-brew- 
ing  ; if  low,  the  jiroduct  is  of  lighter  colour,  and  is  used  for 
ale.  The  diastase  remaining  in  malt  is  still  capable  of  con- 
verting a large  ejuantity  of  starch  into  dextrin  and  maltose; 
hence  the  makers  or  di.stillers  of  the  various  sjnrits  operate 
on  a mixture  of  malted  and  unmalted  grain  in  preparing 
licpiors  for  fermentation. 

Krlrad  of  Mall  is  an  evaporated  infusion  of  malt.  Taken 
with  food,  its  diastase  aids  in  the  conversion  of  starch  into 
maltose  and  dextrin,  and,  pro  lanlo,  assists  enfeebled  digestive 
powers. 


As  diastase  begins  to  lose  this  ])ower  at  temperatures  above 
150°  F.  (55-5°  C.),  that  limit  should  not  be  exceeded  in 
evaporating  the  infusion  ; indeed,  if  the  dissolved  albumenoid 
matters  are  to  be  retained,  the  evaporation  should  be  con- 
ducted at  120°  F.  (48'8°  C.). 

The  following  method  serves  for  the  determination  of  the 
diastasic  power  of  malt  extract  : — 1-5  grammes  of  extract  arc 
dissolved  in  15  c.c.  of  water  and  mixed  with  a mucilage  of 
0-1  gramme  of  starch  in  100  c.c.  of  water.  The  mixture  is 
raised  to  140°  1-.  (00°  C.)  and  tested  from  time  to  lime  by 
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adding  two  drops  of  iodine  solution  to  5 c.c.  of  it,  and  com- 
paring with  5 c.c.  of  a similar  mixture  to  which  no  stai'ch 
has  been  added.  If  the  two  solutions  do  not  exhibit  any  differ- 
ence of  tint  this  indicates  the  completion  of  the  reaction. 
Good  malt  extract  will  accomplish  this  within  half  an  hour, 
some  samples  will  take  less  time,  but  many  commercial 
extracts  will  require  three  hours  or  more. 

Gum  is  a frequent  constituent  of  vegetable  juices,  existing 
in  large  quantity  in  several  species  of  Acacia.  The  nature 
of  gums  is  very  little  known,  though  most  probably  they  all 
belong  to  the  carbohydrates.  According  to  Fremy,  gum 
contains  a calcium  salt  (sometimes  also  a potassium  salt)  of 
the  gummic  or  nrahic  radical,  though  consisting  mostly  of 
arabin  or  arable  acid  alone.  The  formula  of  gummic  acid  is 
said  to  be  but  from  theimpoi-tant  researches 

of  O’Sullivan,  it  would  seem  to  be  far  more  complex,  a 
multiple  of  the  empirical  formula  C^Hj^Oj^ — according  to 
Kaoult  Gum  differs  from  dextrin  in  yielding 

mucic  acid  when  oxidized  by  nitric  acid.  Good  adhesive 
mucilages  may  be  made  from  such  gum-arabic  substitutes 
as  ‘'ghatti,”  “amrad,”  etc.  Indian  Gum  (^Gummi  Indicum,  B.P. 
Add.  1900)  is  an  exudation  from  the  wood  of  Anogcisxus 
latifolia.  It  has  double  the  mucilaginous  strength  of  Gum 
Acacia.  Ccra.sin  or  cherry-tree  gum  is  calcium  metagummate, 
an  insoluble  modification  of  acacia  gum.  Bas.sorin,  traganlhm, 
or  adraganUiin,  Cj2H2yOj„,  is  a form  of  gum  which  is  insoluble 
in  water,  but  absorbs  large  quantities  of  that  li([uid  and  forms 
a jelly-like  mass  : it  occurs  largely  in  Tragacanth,  combined, 
like  arabin,  with  calcium.  Pectin,  or  Vegetable  Jelly, 
4H2O,  is  the  body  which  gives  to  expressed 
vegetable  juices  the  property  of  gelatinizing : it  forms  the 
chief  constituent  of  Irish  or  Carrageen  “Moss”  (Chondrus 
crispus).  Cei/lon  “ Moxx”  {Gracillaria  lichenoides  and  G.  con- 
fervoules,  P.I.)  contains  from  one-third  to  three-fourths  of 
vegetable  jelly.  Many  seaweeds  yield  a jelly  when  a decoc- 
tion of  them  is  cooled.  The  Japanese  freeze  the  jelly  of 
Gelidium  corneum  and  then  cut  it  into  strips;  these'  slowly 
dried  form  the  so-called  Japanese  isinglass,  Chinese  Moss,  or 
geloseol  Payen.  It  is  probably  a carbohydrate.  With  water, 
it  is  said  to  give  a jelly  10  times  stronger  than  that  obtained 
from  gelatin. 


574 


ORGANIC  CHEMISTRY 


The  mucilage  of  marsh-mallow  root  {^Althea  officinalis^  and 
of  linseed  or  common  flax-seed  (Lininn  lasitatixsiminn)  is  a 
gum-like  substance  containing  much  mineral  matter.  It  is 
the  basis  of  the  infusions  termed  mnllow-tca  and  Imsced-tea. 
Somewhat  similar  mucilage  occurs  in  Bael  Fruit  {licla: 
Frudns,  B.F,  Add.  1900),  the  fresh  half-ripe  fruit  of  Mgle 
Mannclo.s.  It  is  also  largely  yielded  by  the  seeds  of  the 
(Quince  (^Pijrits  Ci/donia).  Sa/ep,  the  powdered  dried  tubers  of 
many  species  of  Orchis,  contains  a large  quantity  of  such 
matter,  as  also  does  Squill.  The  Indian  Okra  (^llihisci  Capsuhv, 
IM.,  from  Ililnsciis  cscuicnins')  and  Ispaghid  or  Spogel  seeds 
(^Ispaghnla;  scniina,  IM. ; Jspaglinia,  B.l’.  Add.  1900;  Planlago 
orala,  Forsk.,  Planlago  Ispaghnia,  Uoxb.)  also  appear  to  contain 
a considerable  (]uantity. 

Ccllnlin,  or  cellulose,  aCj;!!,,,!)-,  the  woody  fibre  of  plants, 
familiar,  in  the  nearly  pure  state,  under  the  forms  of  “cotton 
wool”  (^(iossi/pinin,  B. P.,  hairs  of  the  seed  of  various  species 
of  (jo.ssypium),  paper,  linen,  and  ])ith,  is  another  substance 
isonu'ric,  probably  jiolymeric,  Avith  starch.  Lignin  is  a 
closely  allied  body,  lining  the  interior  of  the  Avoody  cells  and 
vessels  of  plants.  By  the  action  of  Jiitric  acid  of  various 
degrees  of  concentration  on  ccllulin,  di-,  or  tri-nitrocellulin.s, 
ami  possibly  others,  are  readily  formed: — wC(;Hjj0,j(N03)^ ; 
aC„I  L()2(NO.j)3.  Trinitrocellulin  is  highly  explosive  gun- 
cotton; dinitroccllulin  is  not  sufliciently  cxjdosive  for  u.se 
instead  of  gunpoAvder.  Monoiiilrocellulin  has  not  been  so 
thoroughly  examined  as  the  others,  but  is  said  to  be  scarcely 
at  all  explo.sive;  its  formula  is  ;/C|,H,/).,N03.  'I’he  heat  of  a 
Avater-bath  may  explode  trinitrocellulin,  but  not  dinitro- 
cellulin  if  j)ure.  The  three  displaceable  hydroxyl  groups  in 
cellulin  may  be  displaced  by  groups  other  than  the  nitric 
radical. 


J)inilrocellulin  (I’jjrori/linnm,  B.P.)  may  be  prepared  by 
the  folloAving  official  process  Mix  5 fluid  ounces  of  sul- 
phuric acid  and  5 of  nitric  in  a porcelain  mortar,  immerse 
1 ounce  of  cotton-wool  in  the  mixture,  and  stir  it  for  three 
minutes  with  a glass  rod,  so  that  it  is  thoroughly  and  uni- 
formly wetted  by  the  acids.  I'ransfer  the  cotton  to  a vessel 
containing  a considerable  volume  of  Avater,  stir  it  rapidly 
and  well  with  a glass  rod,  deeant  the  liquid,  pour  more  Avater 
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upon  the  massj  agitate  again,  and  repeat  the  affusion,  agita- 
tion, and  decantation  until  the  washings  no  longer  give  a pre- 
ci])itate  with  barium  chloride.  Drain  the  product  on  filter- 
paper,  and  dry  on  a water-bath. 

Pyroxylin  may  also  be  made  by  soaking  7 j)arts  of  white 
filter-paper,  which  has  been  washed  in  hydrochloric  acid  and 
dried,  in  a mixture  of  140  parts  of  sulphuric  acid  (sp.  gr.  1'82) 
and  70  of  nitric  acid  (1'37)  for  three  hours,  and  well  washing 
the  product  (Guichard). 

Tnnilrocellulin  or  gun-c.  tton  is  insoluble  in  a mixture  of 
alcohol  and  ether;  dinitrocellulin  or  pijroxi/lin  is  soluble,  the 
solution  forming  ordinary  collodion  (Colhdiuvi,  B.P.).  The 
official  2)roportions  are  1 ounce  of  jjyroxylin  dissolved  in  a 
mixture  of  36  fluid  ounces  of  ether  and  12  of  alcohol  (90  j)er 
cent.).  After  digesting  for  a few  days,  decant  the  liquid 
from  any  sediment  and  jn’eserve  it  in  a well-corked  bottle. 
It  dries  rapidly  ujion  exposure  to  air,  and  leaves  a thin  trans- 
parent film,  insoluble  in  water  or  alcohol.  Flexible  collodion 
{Collodimn  Flexile,  B.P.)  is  a mixture  of  collodion  (48  fluid 
parts),  Canada  balsam  (2  parts),  and  castor  oil  (1  part). 
Jilisiering  Collodion  (Collodium  J'csicanx,  B.P.)  is  a solution  of 
j)yroxylin  in  acetic  ether  containing  the  active  blistering 
principle  of  cantharides.  Many  articles  of  utility  and  beauty 
are  now  made  of  jiyroxylin  variously  coloured  and  sold  under 
tlie  name  of  xtjlonile  (^uAov,  xulon,  wood)  or  celluloid. 

Tnnicin,  or  animal  cellulose,  exists  in  the  mantle  of  A.scidia. 


QUESTIONS  AND  EXERCISES 

How  is  wheat-starch  or  potato-starch  isolated?  — Define  gluten 
and  glutin. — Enumerate  the  proximate  principles  of  wheaten  flour. 
— Is  starch  soluble  in  water? — Which  is  the  best  chemical  test  for 
starch?  — Distinguish  physically  between  the  varieties  of  starch. — 
Into  what  compound  is  starch  converted  by  heat? — What  occurs 
when  a mixture  of  .starch  and  water  is  allowed  to  flow  into  hot 
dilute  sulphuric  acid ? — Describe  the  different  results  of  heating 
starch  with  water  alone,  and  with  water  and  a small  quantity  of 
ground  malt— Write  a short  article  on  the  chemistry  of  malting.— 
What  is  the  nature  of  gum  arabic,  and  how  is  it  distinguished 
from  “ Rritish  gum  ”?— Mention  the  properties  of  the  products  of 
the  action  of  nitric  acid  of  various  degrees  of  concentration  on 
cellulin.  — How  is  pyroxylin  prepared? 
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GLUCOSIDES 

Source. — The  glucosides  are  certain  vegetable  principles 
which,  by  ebullition  with  dilute  acid,  or  by  other  treatment, 
take  up  the  elements  of  water  (i.e.,  undergo  hydrolysis)  and 
yield  glucose,  accompanied  by  a second  substance,  which 
diflers  in  each  case  according  to  the  glucoside  operated  on. 
Some  of  the  glucosides  may  be  regenerated  from  the  sub- 
stances into  which  they  arc  converted  by  hjalrolysis.  Tannin, 
which  has  already  been  described  among  the  acids,  is  held 
by  some  authorities  to  be  a glucoside. 

S'olc  on  Nomcnclalnre. — 'I'he  first  portion  of  the  names  of 
glucosides  and  neutral  principles  generally  is  commonly  given 
in  allusion  to  origin  ; the  last  syllable  is  in. 

Tlie  following  paragraphs  deal  with  the  glucosides  and 
with  a few  other  non-alkaloidal  vegetable  principles  which  are 
of  pharmaceutical  interest  and  importance. 

Ausintiiin,  the  hitter  principle  of  Aricmma 

Ahsinthium,  or  irormirood,  yields,  when  boiled  with  acids, 
glucose,  volatile  oil  and  a resin  of  the  aromatic  series.  (The 
licpieur  termed  r//M77d/ic  is  ethyl  alcohol  (of  varying  strength) 
flavoured  with  natural  oil  of  wormwood,  coloured  by  chloro- 
phyll, and  slightly  sweetened.) 

Amyodai-in,  C.,„lh,yNOip311./).  This  substance,  obtained 
by  Rol)i(pict  and  lloutron-Charlard  in  1830,  was  the  fir.st  dis- 
covered glucoside  (Liebig  and  Wohler,  1837).  it  is  a white 
crystaliinc  substance,  existing  in  the  hitter  almond  (Ami/g- 
(lala  Anmm,  ILL.)  but  not  in  the  sweet  (^Amygdala  Dulcis, 
B.P.).  About  2 per  cent,  is  readily  extracted  by  strong 
alcohol  from  the  cake  left  when  the  fixed  oil  has  been 
expressed  from  hitter  almonds.  From  the  concentrated 
alcoholic  solution  ether  precipitates  the  amygdalin. 


Krperimenl. — Make  an  emulsion  of  two  or  three  sweet 
almonds  by  bruising  and  rubbing  them  with  water,  and 
notice  that  it  has  no  odour  of  essential  oil  of  bitter  almonds; 
add  a grain  or  two  of  amygdalin  : an  odour  of  essential  oil 
of  bitter  almonds  is  at  once  developed.  Bruise  two  or  lln-ee 
bitter  almonds  and  rub  with  water : the  volatile  od  is  again 
developed. 
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The  source  of  the  benzaldehycle,  or  essential  oil  of  bitter 
almonds,  in  these  reactions,  is  the  amygdalin,  which,  under 
tlie  influence  of  stjnaptasc  or  emnisin  (a  nitrogenous,  casein- 
like ferment  existing  in  bitter  and  sweet  almonds),  sjdits  up 
into  benzaldehyde,  hydrocyanic  acid,  and  glucose  : — 

C,oH,7NOii  + 2H2O  = C^H^COH  + HCN  + 2CeH,20u 

"Am^dalin  Water  Benzaldeliyde  Hydro-  Glucose 

cyanic  acid 

As  each  molecule  of  amygdalin  yields  one  of  hydrocyanic 
acid,  a simple  calculation  shows  that  17  grains  (mixed  with 
emulsion  of  sw'eet  almonds)  will  be  required  to  form  one 
grain  of  hydrocyanic  acid,  a quantity  equivalent  to  55 
minims  of  the  diluted  hydrocyanic  acid  of  the  British  Phar- 
macopoeia. The  hydrocj^anic  acid  is  probably  in  chemical 
combination  with  the  oil,  to  the  extent  of  about  5 per  cent. 
According  to  Lindo,  the  production  of  the  benzaldehyde 
is  preceded  by  the  formation  of  benzaldehyde-cyanhydrin, 
CgH-CH(OH)CN.  The  emulsin  and  amygdalin  occur  in 
different  parts  of  the  bitter  almond.  Aqua  Amygdala;  Amarce, 
U.S.P.,  is  made  from  the  essential  oil,  which  therefore  is  also 
included  in  the  U.S.P. 

Test. — The  reaction  between  synaptase  and  amygdalin  is 
applicable  as  a test  for  the  presence  of  one  by  the  addition  of 
the  other,  even  when  mixed  with  much  organic  matter. 

When  amygdalin  is  warmed  with  fuming  hydrochloric 
acid,  mandelic,  or  phenylglycollic  acid,  CgH^-CHOH'COOH, 
is  produced. 

Chernq  Laurel  Water  (^Aqua  Laurocerasi,  B.P.,  by  distillation 
with  water  from  Laurocerasi  Folia,  B.P.)  contains  hydrocyanic 
acid  derived  from  a reaction  similar  to,  indeed  probably 
identical  with,  that  described  above,  for  bitter  almond  oil  is 
simultaneously  produced.  But  the  pro[)ortion  of  amygdalin 
or  analogous  substance  in  cherry-laurel  leaves  is  most 
variable ; hence  the  quantity  of  hydrocyanic  acid  in  the 
distillate  is  variable.  The  British  Pharmacopoeia,  however, 
directs  that  it  shall  contain  0-1  per  cent,  of  real  hydrocyanic 
acid,  it  being  strengthened  by  tlie  addition  of  liydrocyanic 
acid,  or,  if  necessary,  diluted  by  the  addition  of  distilled 
water,  until  it  has  the  prescribed  strength. 

Linseed  yields  a glucoside,  linamarin,  related  to  amyg- 
dalin, for  it  affords  glucose  and  hydrocyanic  acid  on  hydro- 
lysis. 


2 O 


578 


ORGANIC  CHEMISTRY 


Pruni  Virginianai  Corle.c. — This,  the  recently  dried  bark  of 
Primus  scrolina,  furnishes  by  distillation  an  essential  oil  and 
hydrocyanic  acid  as  also  do  the  seeds  of  the  Quince  {Pijrus 
Ci/donia).  The  Wild  Black  Clierr}^,  collected  in  autumn, 
contains  amygdalin. 

Caution. — Essential  oil  of  almonds  is  of  course  highly 
])oisonous.  Tlie  purified  oil  or  benzaldehyde  is  almost  in- 
nocuous ; it  is  obtained  on  distilling  the  crude  oil  with  milk 
of  lime  and  ferrous  chloride,  and  drying  the  jiroduct  by 
sliaking  with  fused  calcium  chloride.  The  so-called  “ arti- 
ficial oil  of  bitter  almonds  ” or  nitrobenzene,  CyllgNO.,,  when 
taken  in  (piantity,  has  been  known  to  produce  death.  The 
presence  of  iiitrobenzene  in  oil  of  bitter  almonds  is  detected 
by  adding  a little  of  the  oil  to  a mixture  of  zinc  and  dilute 
sulphuric  acid,  shaking  well,  setting  aside  for  an  hour  or  two, 
filtering  off  the  clear  licpiid,  which  now  contains  phenylamine, 
or  aniline,  and  adding  some  potassium  chlorate  ; a violet 
colour  is  produced,  due  to  the  oxidation  of  the  aniline  with 
formation  of  aniline  mauve  (sec  p.  G50).  Or  the  specimen 
may  be  shaken  with  sodium  bisulphite  to  fix  the  benzalde- 
hyde  (for  all  such  aldehydes  form  a compound  Avith  sodium 
bisulphite),  and  then  with  ether,  which  dissolves  out,  and  on 
evaporation  will  yield,  the  nitrobenzene. 

Auuu'iun,  Cj.^HjijOy,  and  mellii/l-arbulin,  C^gH^gO,^,  are  con- 
tained in  the  leaves  of  Arcloslnphijlos  Uva  Ursi,  ChimapliUa 
umbellala  and  many  ericaceous  plants.  Arbutin  is  a neutral 
substance  occurring  in  acicular  crystals,  and  resolvable  by  acids 
into  lipdrocpiinone,  CgH,.0,„  and  glucose,  and  by  gentle  oxid- 
ation into  (piinone,  C^H^Og,  and  formic  acid.  EricoHn, 
Cg^HggO.gj,  is  another  bitter  glucoside  in  bear-berry  leaves. 

Cathartic  Acid. — The  name  cathartic  acid  was  given  by 
Dragendortf  and  Kubly  to  the  glucoside-acid  to  which  the 
purgative  jiroperties  of  Alexandi’ian  Senna  (Senna  Alc.miuhina, 
B.P.)  and  of  Tinnevelly  Senna  (Senna  Indica,  B.P.)  api^ear  to 
be  chiefly  due.  Genz  states  that  the  formula  for  the  acid  is 
CggHggNOjg.  Til c Rcld  Itsclf,  wliicli  Is  obtaiucd  in  the  form 
of  a black  mass,  is  described  as  insoluble  in  ivater,  alcohol, 
and  ether,  while  its  alkali-metal  and  other  salts  Avhich  occur 
in  senna  are  readily  soluble.  Dilute  alkalies  dissolve  it, 
yielding  solutions  from  which  it  is  reprecipitated  on  adding 
an  acid.  Its  ammonium  salts  give  broAvnish  flocculent  pre- 
cipitates with  salts  of  silver,  tin,  mercury,  copper,  and  leac  . 
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Wlien  boiled  with  dilute  acids,  cathartic  acid  undergoes 
hydrolysis,  yielding  cathartogenic  acid  and  glucose. 

Buckthorn  Juice  (^Rlicmni  Siicciis,  B.P.,  1867)  owes  its 
cathartic  properties  to  a substance  apparently  identical  with 
cathartic  acid. 

COLOCYNTHIN,  C^^Hg^Oog. — This  substance  is  the  active 
hitter  and  purgative  principle  of  colocynth-fruit  {Colocynthi- 
dis  Pulpa,  B.P.) : it  is  soluble  in  water  and  alcohol,  hut  not 
in  ether.  By  ebullition  with  acids  it  furnishes  glucose  and 
a resinoid  substance. 

CoNvoLVULiN. — See  Jalapin. 

CoToiN,  appears  to  he  the  chief  active  principle 

of  Goto  hark,  a Bolivian  remedy  for  diarrhcea.  A similar 
bark,  false  cuto,  or  paracolo,  contains  paracoloin,  Cj.^HgO^,  and 
Injdroculoin, 

Daphnin,  Cj.HjgOg,  is  the  crystalline  glucoside  of  the 
hark  of  Daphne  Mezereum  (Mezerei  Cortex,  B.P.).  Boiled 
with  dilute  acids,  it  yields  daphnetin,  and  glucose. 

The  acrid  principle  of  mezereon  is  resinoid. 

Digitalin,  CjHgO^,  Schmiedeherg ; CggHg^Oj^,  Kiliani. 
— This  is  an  active  principle  of  the  Foxglove,  Digitalis  pur- 
purea. Three  different  glucosides  have  been  prejsared  from 
the  leaves  and  seeds  of  digitalis : — digitalin,  digitonin,  and 
digitoxin  (digitoxin  occurring  in  the  leaves  only).  The 
preparation  known  as  commercial  digitalin  has  been  shown 
to  consist  of  mixtures  containing  more  than  one  of  these 
glucosides. 

The  })rocess  for  the  prej>aration  of  commercial  digitalin 
consists  in  extracting  digitalis-leaves  {Digitalis  Folia,  B.P.) 
with  alcohol  (90  per  cent.),  distilling  off  the  alcohol,  dissolv- 
ing the  residue  in  water  containing  a small  quantity  of  acetic 
acid,  removing  much  of  the  colour  from  the  solution  by  means 
of  animal  charcoal,  neutralizing  most  of  the  acetic  acid  with 
ammonia,  precipitating  the  glucosides  by  adding  tannic  acid 
(with  which  they  form  insoluble  compounds),  washing  the 
precipitate,  rubbing  and  heating  it  with  alcohol  (90  per 
cent.)  and  lead  oxide  (which  removes  the  acid  as  insoluble 
lead  tannate),  again  decolorizing  by  means  of  animal  char- 
coal, evaj)orating  to  dryness,  washing  out  with  ether  any 
impurities  still  remaining,  and  drying  the  residue.  'I'he 
product  is  uncrystallizable  and  somewhat  indefinite. 

Pure  digitalin  is  prepared  from  commercial  digitalin  by 
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dissolving  the  latter  in  4 times  its  weight  of  96  per  cent, 
alcohol,  adding  5 times  its  weight  of  ether,  separating  the 
liquid  from  undissolved  matter  and  evaporating  it  in  vacuo 
to  about  two-thirds  of  its  volume,  adding  water,  filtering  oft’ 
and  washing  the  precipitated  crude  digitalin,  and  then 
recrystallizing  this  from  95  per  cent,  alcohol.  The  pure 
])i‘oduct  is  colourless  and  granular,  but  it  can  also  be  obtained 
in  needle-shaped  crystals.  It  is  sparingly  soluble  in  water, 
ether,  and  chloroform,  but  easily  soluble  in  alcohol.  When 
nioi.stened  with  sulphuric  acid  and  exposed  to  the  vapour  of 
bromine,  a violet  colour  is  produced.  On  hydrolysis  digi- 
talin yields  (ligiln/igcnhi,  C.^gUggOg;  digitalosc,  C-Hj^Og,  and 
glucose. 

Digitonhi,  C.^^ll  — This  glucoside,  which  does  not 

possess  the  j)hysiological  action  characteristic  of  digitalis, 
is  closely  allied  to  saponin.  It  yields  on  hydrolysis  digilugenw, 
C,r,1 1„.,0,,,  galactose,  and  glucose. 

“ Digitaline  cnjxUdlixce.” — On  tre;iting  commercial  digitalin 
with  chloroform  an  inert  substance  remains  undissolved.  The 
solution  yields  on  evaporation  a substance  known  in  France 
as  digila/vu;  c7-i/xla//ixee  which  is  ajiparently  identical  with 
digitoxin  ; it  may  be  crystallized  from  alcohol  (90  ))er  cent.) 
in  radiating  needles  (Nativelle).  The  therajjeutic  effect  of 
this  substance  is  identical  with  that  of  the  preparations  of 
digitali.s,  but  more  constant  in  its  action,  and,  of  course, 
intensely  powerful. 

Digdoxin,  C,j,Hg|0]p  is  the  highly  poisonous  glucoside 
of  digitalis  leaves.  It  yields  on  hydrolysis  digUuxigcnin, 
€2.^113,/),,,  and  digUoxoxc, 

Elateuin,  C23FI28O3. — Boil  elaterium  {Elalerium,  B.P.), 
the  dried  sediment  from  the  juice  of  the  squirting-cucumber 
fruit,  with  chloroform,  filter,  evaporate,  wash  the  precipitated 
elaterin  with  ether,  recrystallize  it  from  chloroform  and 
again  wash  the  crystals  with  ether.  The  product,  Ela- 
lerinum,  B.P.,  occurs  in  small  hexagonal  plates  or  prisms. 

Elaterin  is  probably  not  a true  glucoside.  It  does  not 
always  respond  to  the  test  for  glucose  after  boiling  with 
acids ; and  when  it  does,  the  reaction  is  j)ossibly  due  to 
prophelin^  a glucoside  stated  by  Walz  to  be  present  m 
elaterium. 
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Elaterin  is  the  active  principle  of  the  so-called  elaterium. 
Elaterium  occurs  in  light  friable  greenish-grey  cakes.  Good 
specimens  of  this  drug  should  yield  not  less  than  20  per  cent, 
of  elaterin  by  the  above  process. 

Test. — Elaterin  is  placed  in  a watch-glass  with  a droji  of 
liquefied  carbonic  acid,  and  then  two  drops  of  coneentrated 
sulphuric  acid : a carmine  colour  is  developed  (Lindo). 

Frangulin,  C.,jH.,gOg,  is  a glucoside  found  in  the  bark  of 
Rhammts  frnngula.  On  hydrolysis  it  yields  cmodin,  CioHioO,, 
and  an  unfermentable  sugar,  rhamnose,  CgHj205. 

Gentiopicrin,  or  Gentian-bitter,  C.,QH3gOj2j  the  neutral 
crystalline  principle  of  the  root  of  Gcntiana  lulea  {Gentiance 
Radie,  B.P.).  It  is  soluble  in  water  and  dilute  alcohol. 
Alkalies  decompose  it.  Dilute  acids  convert  it  into  ge/ilio- 
genin  and  glucose.  Gentian  root  also  contains  a variety  of 
tannin  and  a crystalline  acid,  termed  gcntianic,  or 

gcnlisic  acid,  or  genlisin.  Fused  caustic  potash,  etc.,  give  with 
the  latter  an  acid  (C-HgO^),  which  has  also,  unfortunately, 
been  called  gentisic  acid. 

Glvcyrrhizin  or  Glycijrrhizic  Acid,  C.,^H3gOg,  Gorup- 
Besanez  ; C^^HggNOjj,,  Habermann. — Liquorice-root  {Gli/cyr~ 
rhizdi  Radix,  B.P.),  in  addition  to  uncrystallizable  sugar 
contains  3 or  4 per  cent,  of  a sweet  substance,  glycyrrhizin, 
which,  when  boiled  with  hydrochloric  acid  or  dilute  sul- 
phuric acid,  yields  a resinoid  bitter  substance,  glycyrretin,  and 
an  uncrystallizable  sugar  resembling  glucose.  Glycyrrhizin 
is  present  in  E.xlracluvi  Glycyrrhizoi,  IkP.,  Extracium  Glycyr- 
rhizce  Lu\uidum,  B.P.,  and  in  the  evaporated  decoction  {Slick 
Lujuorice,  Spanish  Lupioricc,  or  Solazzi  Juice).  It  is  soluble  in 
aminoniacal  water.  The  tropical  substitute  for  liquorice  is 
the  root  of  Ahrus  precatorms,  or  Indian  Licpiorice  {Abri  Radix, 
P.I.),  the  hunch  or  gimy  of  Bengal,  the  ralli  of  Hindustan,  and 
the  jequirily  ox  jequerily  of  Brazil,  which  also  contains  glucose 
and  glycyrrhizin.  The  seeds  yield  by  maceration  a substance 
which  acts  as  a poi.son  when  injected  into  the  blood,  but  not 
when  swallowed.  Warden  and  Waddell  regard  the  active 
prineijile  as  an  albumenoid  and  term  it  abrin.  Bruylants  and 
Venneman  consider  it  to  be  a product  of  germination,  and 
call  it  Jeupieritin . Bechamp  and  Dujardin  regard  the  latter 
as  a mixture  of  legumin  and  jequerilyzymase.  Glycyrrhizin 
has  considerable  power  of  disguising  nauseous  flavours. 
Roussin  icfeis  the  sweet  taste  of  liijuorice  not  to  pure  {jlyt-’yr- 
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rhizin  but  to  a combination  of  glycyri’hizin  with  alkalies,  and 
states  that  ammoniaCal  glycyrrhizin  has  exactly  the  sweet- 
ness of  liquorice-root.  The  formula  of  this  ammonium  gJj/cyr- 
rhizatc  is  said  by  Habermann  to  be  (NH 
Sestini  finds  that  the  glycyrrhizin  of  liquorice-root  is  chiefly 
calcium  glycyrrhizate. 

Guaiacin. — Resin  of  guaiacum  (Giiniaci  Resina,  B.P.),  an 
exudation  from  the  wood  {(iiiaiaci  Lignum,  B.P.)  of  Guaiacum 
oj/icina/c,  is  probabl}'^  a mixture  of  several  substances,  among 
which  arc  guaiarc.lic,  or  guaiarclinic  acid,  (Hlasiwetz), 

guaiaconic  acid,  CoqM._,40(;,  and  guaiacin,  a glucoside.  A 
lozenge  and  a tincture  of  guaiacum  are  official  (^Trochiscus 
Guaiaci  Resina’.,  H.P.,  and  'J'inclura  Guaiaci  Ammouiata,  B.P.). 
On  boiling  guaiacum  resin  with  dilute  sulphuric  acid  for  some 
time,  glucose  is  found  in  tlie  liquid,  a green  resinous  substance 
(^guaiareiini)  remaining  insoluble  (Kosmann).  Most  oxidizing 
agents,  and  even  atmospheric  air,  especially  under  the  in- 
fluence of  certain  organic  substances,  produce  a blue,  then 
green,  and  finally  a brown  colour  when  brought  into  contact 
with  an  alcoholic  solution  of  guaiacum  resin.  Ferric  chloride 
is  the  official  test  for  this  purpose.  These  effects  are  said  to 
be  due  to  three  stages  of  oxidation  (Jonas).  They  may  be 
observed  on  adding  the  solution  to  the  inner  surface  of  a 
paring  of  a raw  potato. 

IIki.i.kiiouin,  and  Helleuouein,  arc 

crystalline  glucosides  occurring  in  the  roots  of  Black  Helle- 
bore (Ilcllchorus  niger),  or  Christmas  rose,  and  Green  Helle- 
bore (//.  viridis),  ranunculaceous  herbs.  The  former  is 
insoluble  in  water,  but  soluble  in  ether;  the  latter  soluble  in 
water,  but  insoluble  in  ether. 

Jalapin,  Cr^tHoyO^-,  and  Convolvulin,  Cg^Hr^iOifi. — Some 
confusion  exists  regarding  the  names  of  these  substances,  the 
British  and  the  Continental  usages  being  different.  1 he 
glucoside  jalapin  is  now  almost  uniformly  called  convolvulin 
in  Germany,  Avhile  the  German  jalapin,  which  appears  to  be 
identical  with  scammonin,  is  generally  called  convolvulin  in 
Britain.  Jalap-resin  contains  these  two  distinct  substances 

convolvulin,  chiefly  obtained  from  Mexican  male  jahip 

{Ipornwa  Onzahensis),  and  jalapin,  most  largely  contained  in 
the  true  jalap  {Jpumcea  purga)  ; the  former  is  soluble  m etiicr. 
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the  latter  insoluble.  Fliickiger  advocated  the  names  jala- 
pitrgin  for  the  ether-insoluble  jalapin  and  oriznhvn  for  con- 
volvulin,  soluble  in  ether,  but  these  names  have  not  been 
generally  adopted. 

Jalap-resin  (Jalapce  Resina,  B.P.)  is  obtained  by  digesting 
and  percolating  jalap  tubercles  {Jalapa,  B.P.)  with  alcohol 
(90  per  cent.),  adding  a little  water,  distilling  off  the  alcohol, 
pouring  away  the  aqueous  portion,  which  contains  much 
saccharine  matter,  and  washing  and  drying  the  residual 
resin.  Jalap  thoroughly  exhausted  by  this  process  should 
furnish,  according  to  the  British  Pharmacopoeia,  not  less  than 
9 nor  more  than  11  per  cent,  of  resin,  of  Avhich  resin 
(^Jalapie  Resina,  B.P.)  not  more  than  one-tenth  should  be 
soluble  in  ether,  a test  which  excludes  resin  of  Tampico 
jalap  and  scammony  resin,  both  of  which  are  soluble  in  ether. 
The  tincture  of  jalap  is  sometimes  decolorized  by  animal 
charcoal,  and  the  evaporated  product  sold  as  “jalapin.” 

Jalap-resin  is  insoluble  in  oil  of  turpentine  ; common  resin 
or  rosin,  soluble.  If  the  presence  of  the  latter  is  suspected, 
the  specimen  should  be  powdered,  digested  in  turpentine, 
the  mixture  filtered,  and  the  filtrate  evaporated  ; no  residue, 
or  not  more  than  that  yielded  by  the  turpentine  itself,  should 
be  obtained. 

Tampico  Jalap,  from  Ipoimea  shnulans,  yields  a resin  which 
apparently  is  chiefly  convolvulin,  but  sometimes  contains 
jalapin ; for  a samj)le  obtained  by  Planbury  was  entirely 
soluble  in  ether,  and  another  extracted  by  Umney  was  almost 
wholly  soluble,  while  Evans  purified  some,  of  which  only  half 
was  soluble. 

'I’he  Kaladana  resin  {^Kaladame  Resina,  B.P.  Add.  1900, 
Syn.  Pharbilisin')  obtained  from  the  dried  seeds  of  Ipoimea 
hcdcracea,  Syn.  Rharbilis  Nil  (also  in  the  old  P.l.)  is  a resin 
analogous  to,  if  not  identical  with,  resin  of  jalap. 

Turpelhum,  Turpeth  (B.P.  Add.  1900)  is  tlie  dried  root 
and  stem  of  Ipovnm  Turpelhnm.  It  contains  tnrpcl/iin,  a 
resinoid  glucoside  resembling  jalapin  in  properties.  '1  he 
word  turpelh  is  in  Persian  lurbid,  a cathartic,  or  lurbad  a 
cathartic  root. 

LoCfANiN,  glucosulc  obtained  from  the  pulp 

of  the  fruit  and  from  the  seeds  of  Strpchnos  Niu-vomica, 
Loganiacea;  {Niu  Romica,  B.P.),  by  Dunstan  and  Short. 
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Boiled  with  dilute  sulphuric  acid,  it  yields  glucose  and 
loganelin. 

Ouabain,  (Arnaud);  or  is  a very 

poisonous  glucoside  resembling  strophanthin,  found  in  the 
wood  of  an  acokanthcra  and  in  arrow  poisons  prejiared  from 
this  wood. 

PiCHonmziN  is  a bitter  crystalline  glucoside  existing,  to 
tlie  extent  of  15  per  cent.,  in  the  dried  rhizome  of  Picrorhiza 
hnrron  (^Picrorhiza,  B.P.  Add.  1900).  Boiled  with  1 percent, 
aqueous  hydrochloric  acid,  it  yields  glucose  and  resinoid 
picrorhizclin.  Picrorhiza  is  said  also  to  contain  cathartic 
acid  (Hooper). 

PiCRoToxiN  (^Picroloxhinm,  B.P.)  is  a crystalline  bitter 
jioisonous  princijile  (vi.Kpo'i,  picrox,  bitter,  and  to^ikuv,  ioxicon, 
poison)  occurring  in  Cocculns  Indicux,  the  dried  fruits  of 
Amiviirla  pauixmlala.  Ludwig  regarded  it  as  a glucoside; 
but  its  con.stitution  is  not  yet  satisOictorily  ascertained. 
Barth  and  Kretscliy  state  that  the  so-called  picrotoxin  may 
lie  separated  into  picrotoxin  jirojier,  H.,0,  which  is 

bitter  and  jioisonous;  picrolin,  + «II„0,  which  is 

bitter  but  not  jioisonous ; and  anmnirlin,  which 

is  neither  bitter  nor  jioisonous.  Schmidt  asserts  that  the 
original  jiicrotoxin  is  definite,  and  has  the  formula  CgpHg^Ojg, 
liut  that  some  solvents  decompose  it  into  jncrotoxhiin, 
Cjj;ll|,,()„,  which  is  poisonous,  and  •jncrotin,  CjjHjgO-,  which 
is  not  Jioisonous. 

PoLYCHROITE,  XCC  p.  644. 

Quassin,  CjylljgOg,  Wiggers ; or  CgjHigO,,,  Christensen, 
obtained  from  Quassia;  lAgnum,  B.P.,  is  said  to  be  a gluco- 
side ; but  Oliveri  and  Denaro  question  the  statement,  and 
find  quassin  to  have  the  formula  Cg2H440jQ. 

Salicin,  CjgH^gO^. — I'liis  substance  (SaUcinum,  B.P.)  is 
contained  in  and  easily  extracted  from  the  bark  of  various 
sjiecies  of  willow  (Salix)  and  of  Populus.  It  occurs  in  white, 
shining,  bitter  crystals,  soluble  in  28  jiarts  of  water  or  60  of 
alcohol  (90  jier  cent.)  at  ordinary  temjieratures. 

Tests. — 1.  To  a small  jiortion  of  salicin  jilaced  on  a white 
jilate  or  disli,  add  a droji  of  concentrated  suljihuric  acid ; a 
deeji  red  colour  is  produced. 
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2.  Boil  salicin  with  dilute  sulphuric  acid  for  some  time  ; 
it  is  converted  into  saligenin  or  saligenol,  C^HgO.^,  and  glucose. 
Test  for  the  latter  by  the  copper  test. 

CjgHigO^  + = CyH,(OH)CH20H  + 

Salicin  Water  Saligenol  Glucose 

3.  To  another  portion  of  the  liquid,  carefully  neutralized, 
add  a ferric  salt:  a purplish-blue  colour  is  sometimes  pro- 
duced, due  to  the  reaction  of  the  saligenin  and  the  ferric  salt. 
The  saligenin  is,  however,  so  rapidly  decomposed  by  acids 
into  saliretin,  C^HgO,  and  water,  that  this  reaction  is  almost 
valueless  as  a test.  The  saligenin  may,  however,  be  obtained 
by  the  action  of  synaptase  on  salicin. 

4.  Heat  a mixture  of  about  1 part  of  salicin,  1 of  potassium 
bichromate,  1|^  of  sulphuric  acid,  and  20  of  water  in  a test- 
tube  ; a fragrant  characteristic  odour  is  evolved,  due  to  the 
formation  of  salicylaldehyde,  C^H^OH'COH,  an  essential  oil 
identical  with  that  existing  in  meadow-sweet  (^Spinea  Uhnarici) 
and  in  heliotrope. 

CgH^OHCH.pH  + O = CgH^-OH-COH  + H^O 

Saligenol  Nascent  Salicylaldehyde  Water 

oxygen 

Santonin,  Cj^H^gOg. — This  substance  is,  apparently,  the 
anhydride  or,  rather,  lactone,*  of  a weak  acid  (Hesse)  in- 
soluble in  ammonia,  but  forming  a soluble  calcium  salt. 
Indeed,  by  boiling  santonin  for  twelve  hours  with  baryta 
water,  Cannizzaro  has  obtained  a salt  from  which  hydro- 
chloric acid  separates  xcinlunic  acid,  Cj^H.^yO^.  From  a solu- 
tion of  calcium  santonate  the  santonin  is  precipitated  by  acids. 
Boiled  for  some  time  with  dilute  sulphuric  acid,  it  yields  87 
per  cent,  of  an  insoluble  resinous  substance  {sanluiiireihi)  and 
glucose  (Kosmann).  Santonin  {Sanloninuvi,  B.P.)  is  official  ; 
it  is  soluble  in  an  aqueous  solution  of  twice  its  weight  of 
sodium  carbonate.  Possibly  (Berthelot)  santonin  resembles 
carbolic  acid, — in  other  words,  is  a phenol,  Cj5lI^y(OH)3.  Its 
glucosidal  character  is  questionable. 

* Certain  hydroxyacids,  by  loss  of  water,  yield  larMmas.  Aromatic 
compounds  containing  NIL  in  the  ortho  position  and  losing  water  hy 
the  oxidation  and  removal  of  one  or  two  atoms  of  that  liydrogen 
furnish  bodies  which  may  be  distinguished  as  laclams  and  laciims. 
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Procexs. — The  process  for  its  preparation  consists  in  boiling 
santonica  (the  dried  unexpanded  flower-heads  or  capitula  of 
Arlcmma  marUima)  with  milk  of  lime  (whereby  calcium 
santonate  is  formed),  straining,  precipitating  the  santonin  or 
santonic  acid  by  the  addition  of  hydrochloric  acid,  washing 
with  ammonia  to  remove  resin,  dissolving  in  alcohol  and 
digesting  with  animal  charcoal  to  get  rid  of  colouring-matter, 
setting  the  alcoholic  solution  aside  to  deposit  crystals  of 
santonin,  and  purifying  by  recrystallization  from  alcohol 
(Mialhe). 

Text. — 'I’o  highly  diluted  solution  of  ferric  chloride  add  an 
e(|ual  volume  of  concentrated  sulphuric  acid.  To  this  reagent 
add  the  santonin  or  powder  or  substance  suspected  to  be 
santonin,  and  cautiously  apply  heat.  A red,  purple,  and 
finally  violet  colour  is  produced  (Lindo).  Santonin  added  to 
warm  alcoholic  .solution  of  cau.stic  iiotash  yields  a violet-red 
colour. 


Sai’onin,  H.,C),  is  a peculiar  glucoside  occurring 

in  Soai)Wf>rt,  Sapoiiana,  the  root  of  the  common  Pink,  and 
many  other  plants  ; its  solution  in  water,  even  though  very 
dilute,  froths  like  a solution  of  soap.  Heated  with  dilute 
acid  it  yields  glucose  and  xapogenin,  Cj,jH2.202.  Pereira  con- 
sidered xmllacin  (xalxeprtrin  or  paraUin^,  one  of  the  princi])les 
of  the  supposed  activity  of  Sarsaparilla  (Sarzee  Radix,  B.P.), 
to  be  closely  allied  to,  if  not  identical  with,  saponin.  Accord- 
ing to  Klungc  (“  Pharmacographia  ”),  parallin,  by  action  of 
acids,  yields  parigenin.  The  aqueous  solutions  of  parallin  froth 
when  shaken.  Von  Schultz  states  that  sarsaparilla  contains 
three  homologous  glucosides  analogous  to  saponin,  namely, 
sarsaparill-saponin,  sarsa-saponin,  C.22Hgg()]g,  and 

parallin,  C2gPPj^OjQ. 

Saponin  is  also  met  with  in  the  root  of  Po/i/ga/a  Senega 
{Sencg(e  Radix,  B.P.),  though  the  activity  of  senega  is  said  to 
be  due  to  two  glucosides,  xenegin  and  pulpgalic  acid. 

Saponin  is  readily  obtained  from  the  bark  of  Quillajn 
xaponaria,  ov  xoap- hark  (Civil laice  Cortex,  B.P.),  by  boiling 
the  aqueous  extract  in  alcohol  and  filtering  while  hot. 
Flocks  of  saponin  separate  on  cooling.  It  is  a white,  non- 
crystalline, friable  jiowder.  ....-I 

'I'lic  alleged  toxic  properties  of  commercial  saponin  arc  sau 
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by  Robert  to  be  due  to  sapotoxin  and  quiUaic  acid  which  seem 
to  be  identical  with  senegin  and  polygalic  acid  respectively. 

ScAMMONiN,  (apparently  identical  with  the 

substance  called  convolvulin  in  Britain). — Boil  resin  of  scam- 
mony  {Scammonicc  Resina,  B.P.)  with  dilute  sulphuric  acid  for 
some  time ; glucose  may  then  be  detected  in  the  liquid,  a 
resinous  acid  termed  scammonolic  acid,  being  pro- 

duced at  the  same  time.  This  acid  is  also  obtained  by  the 
hydrolysis  of  convolvulin.  According  to  Kromer,  scammonin 
is  oxidized  by  nitric  acid  into  oxalic,  valeric,  and  butyric 
acids,  carbonic  anhydride,  and  an  acid  melting  at  101°  C., 
which  is  isomeric  with  sebacic  acid.  Potassium  permangan- 
ate oxidizes  scammonin  to  oxalic  and  valeric  acids,  and  the 
monobasic  scammonolic  acid.  Kromer  gives  the  formula 
for  scammonin  as  I^ss^i5e042- 

Natural  scammony  {Scammonium,  B.P.)  is  an  exudation 
from  incisions  in  the  living  root  of  Convohndus  Scammonia.  It 
contains  from  10  to  20  per  cent,  of  gum,  and,  therefore, 
when  triturated  with  water,  gives  an  emulsion.  “ It  should 
yield  at  least  70  per  cent,  of  resin  soluble  in  ether.” 
The  official  resin  of  scammony  contains  no  gum,  and  there- 
fore gives  no  emulsion  when  triturated  with  water.  It  is 
prepared  by  digesting  the  dried  root  (Scammonia;  Radix,  B.P.) 
in  alcohol  (90  per  cent.),  distilling  off  the  greater  part  of 
the  alcohol,  pouring  the  remaining  liquid  into  water  and 
washing  the  precipitated  resin  with  boiling  water  till  free 
from  gum.  There  seems  to  be  little  or  no  chemical  difference 
between  the  extracted  resin  and  the  resin  of  the  exuded 
scammony. 

Scammony  Resin  is  almost  entirely  soluble  in  ether. 
Spirgatis  states  that  it  is  identical  with  the  resin  of  Mexican 
Male  Jalap,  which  also  is  soluble  in  ether.  Sulphuric  acid 
slowly  reddens  it.  It  is  said  to  be  liable  to  adulteration  with 
resin  of  true  jalap,  guaiacum-resin,  and  common  rosin.  Resin 
of  true  jalap  is  insoluble  in  ether,  guaiacum-resin  is  di.stin- 
guished  by  the  colour-tests  mentioned  under  Guaiacin,  and 
rosin  is  recognised  by  the  action  of  sulphuric  acid. 

SciLi.AiN. — Schroff,  and,  afterwards  Riche  and  Remont, 
believed  the  bitter  principle  of  the  squill-bulb  (NtaV/a,  B.P.) 
to  be  a glucoside.  Merck  has  extracted  substances  winch 
he  has  termed  scillipicrin,  scilliluxin,  and  sciliin,  and  to  which 
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the  bitter  taste  of  squill  is  due.  Scillitoxiii  appears  to  be 
identical  with  the  scillain  of  v.  Jarmerstedt.  Schmiedeberg 
has  given  the  name  siiiixtriu  to  a squill  carbohydrate.  Squill 
contains  a large  (juantit}^  of  mucilage. 

'I’he  bulbous  root  of  Criimm  Axialicuvi  is  included  in  the 
Pharmacopaua  of  India  (^Crini  Radix,  P.I.),  as  a substitute 
for  s(]uill.  It  has  not  been  chemically  investigated. 

Stkoimiantiiin,  Feist ; Cg^H  jgOj,,,  Arnaud. — 

According  to  Fraser,  this  is  the  active  principle  of  strophan- 
tluis  seeds  {Slrophanthi  Semina,  II.  P.)  the  dried  seeds  of 
Slr<)j)/ianthiix  Komhe,  and  is  a glucoside.  He  obtained  it  in 
crystals.  Acids  convert  it  into  glucose  and  crystalline 
xlrophantliidin.  Phos])homolybdic  acid  produces  in  solutions 
of  strojdiantliin  a bright  bluish-green  colour.  Feist  states 
that  it  yields  very  little,  if  any,  glucose  on  hydrolysis,  but 
givc.s,  in  addition  to  stroj)hanthidin,  a white  crystalline  sub- 
stance of  the  formula  CjgH.2^()jQ,  melting  at  207°  C.,  and  a 
sugar  of  unknown  composition.  Kohn  and  Kulisch  have 
also  investigated  stro])hantIiin,  but  tliey  are  inclined  to 
accept  Arnaud’s  formula,  and  to  doubt  the  correctness  of 
I''raser’s  view  of  tlic  glucosidal  nature  of  strophanthin. 
I lcll)ing  states  tliat  its  acjueous  solution  yields,  with  a trace 
of  solution  of  ferric  chloride  and  some  concentrated  sulphuric 
acid,  a reddish-brown  precipitate  which  after  an  hour  or  two 
turns  green.  Sulphuric  acid  colours  strophanthin  dark  green, 
changing  to  reddish  brown.  Possibly  strophanthin  is  only 
one  of  the  active  ])rinciples  of  the  different  species  of 
strophanthus.  Strophanthus  seeds  are  used  in  the  iwepara- 
tion  of  Tindura  SirophaniM,  B.P.  'Phey  contain  nearly  one- 
third  of  their  weight  of  oil. 


QUESTIONS  AND  EXERCISES 

Define  glucosides,  and  mention  those  of  pharmaceutical 
Con.struct  an  equation  illustrative  of  the  formation  of  oil  of  bitter 
almonds  from  amygdalin.^ — How  much  pure  amygdalin  will  yield  one 
grain  of  hydrocyanic  acid?— To  what  does  cherry-laurel  water  owe  its 
activity? — Mention  the  active  principle  of  senna. — State  the  circtini- 
.stances  under  which  guaiacum-resin  yields  glucose.— Mention  a tes 
for  guiacum-resin.— How  may  the  adulteration  of  jalap-resin  by  ros 
be  detected  ?— Enumerate  the  tests  for  salicin.— How 
officially  prcqiared  ?— Name  sources  of  saponin.— What  is  the  O' in - 
ence  between  .scammony  and  resin  of  ' ,,„v  v 

detect  resins  of  turpentine,  guaiacum,  or  jalap,  m resm  ot  sc.imu  j • 
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UNCLASSIFIED  MEDICINAL  PRINCIPLES,  ETC. 

The  following  articles,  employed  medicinally  in  such 
forms  as  Decoction,  Extract,  Infusion,  Tincture,  etc.,  con- 
tain active  principles  which  have  not  yet  been  thoroughly 
examined.  Some  of  these  principles  have  been  isolated, 
and  a few  have  been  obtained  in  the  crystalline  condition  ; 
but  their  constitution  has  not  been  sufficiently  well  made 
out  to  admit  of  the  classification  of  the  bodies  either  among 
alkaloids,  glucosides,  acids,  or  other  well-marked  principles. 


A(/ropp-um,  B.P.  Add.  1900,  or 
Iriiicuin,  U.S.P. , Couch-grass. 

Andrographis  (B.P.  Add.  1900), 
Andrographis  Caules  et  Itadiv, 
P.I.,  from  Andrographis  pani- 
culata,  Kariyat,  a bitter  prin- 
ciple. 

Anthemidis  flores. 

Apocynum.  Canadian  hemp. 

Asclegias  Tuherosa.  Pleurisy 
root.  (Asclepedin.) 

Aurantii  cortex.  (Hesperidin.) 

Azadirachla  Indica,  Indian  Aza- 
dirach  (B.P.  Add.  1900);  Aza- 
dirachtce  Cortex  et  Folia,  P. I., 
from  3Ielia  azadirachta,  Neem 
or  Margosa.  (A  resin ; 
Ca;H;v,0,,.  Broughton.) 

Bonducellw  Semina,  P.I. , from 
Cwsalpinia  ( Guilandina)  Bon- 
ducella.  Bonduc-seeds  or 
nickar-nuts. 

Buchu  folia. 

Bntem  Semina,  B.P.  Add.  1900. 

Calendula  officinalis.  Marigold 
(Calendulin,  Stoltze.) 

Calotropis,  B.P.  Add.  1900,  and 
P.I.,  from  Calotropis  jmtcera 
and  C.  giganteu.  Miidar. 

Canellw  cortex.  (Cascarillin, 
C|.jH|,04.) 

Caulophyllum  Thalictroides.  Blue 
cohosh.  Alkaloid  ? 

Cimicifuga  {Aetata)  raremosa 
(Cimicifugin  ; said  by  Conard 
to  be  neutral,  and  by  Falck 
alkaloidal).  Black  snake-root. 
{Cimicifugw  lihizoma,  B.P.) 

Cucurhiten  Semina  J'raiparata, 


melon  pumpkin  seeds,  B.P. 
Add.  1900,  or  Pepo,  from  Ciicur- 
hita  maxima,  Duch.  {Cucurbita 
Pepo,  Linn.).  A remedy  for 
tape-worm. 

Cypripedium  puhescens  (Cypri- 
pedin  ?).  Ladies'  slipper. 

Euonymus  atropurpureus.  Wa- 
hoo-bark.  (Euonymin  ?) 

Euonymi  Cortex,  B.P.,  is  “the 
dried  root  bark,”  the  source 
of  Extractum  Euonymi  Siccum, 
B.P. 

Eupatorium  p erfol  i a turn. 

Thoroughwort  or  Boneset. 

Gossypii  Radicis  Cortex.  Cotton 
Root  Bark,  B.P.  Add.  1900. 

Gulancha  tinospora,  B.P.  Add. 
1900,  the  dried  stem  of  Tinos- 
pora cordifolia  {Tinosporce 
Raduv  et  Caules,  P.I.). 

ITamamelis  Vh-ginica.  Witch- 
hazel. 

The  official  portions  are 
Ilamamelidis  Cortex,  B.P.,  the 
source  of  Tinctura  Hamame- 
lidis,  B.P.,  and  Ilamamelidis 
Folia,  B.P.,  the  source  of  Ex- 
tractum Ilamamelidis  JAxtui- 
dum,  B.P. 

Jlydrocotyles  Folia,  P.I.,  from 
Hiph'ocotyle  Asialica.  Indian 
pennywort. 

llygrophila  (B.P.  Add.  1900J,  the 
dried  herb,  llygrophila  spmo.su. 

Iris  versicolor.  Rlueflag.  (Iridin 
or  Irisin  ?) 

Kara  {Eavw  Rhizoma,  B.P.  Add. 
1900),  a remedy  in  alcoholism. 
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Lncinca.  (Lactiicin,  etc.)  Tlie 
milk-juice,  dried,  yields  Laclu- 
carium,  U.S.P. 

Lappa,  U.S.P.,  yirctium  Lappa, 
Lappa  oj/icinalis.  Burdock. 
Lupnlm. 

Mupnolia.  Swamp  sassafras,  or 
beaver  tree. 

M a r r n h I u m.  I I orehound. 

Marrubein,  a crystalline  bitter 
substance  (Mein). 

Mathw  Folia.  Matico. 

Flii/lolacca  Bacca  el  Radix.  Poke- 
berry  and  root.  Phytolaccin, 
a crystalline  substance  (Claas- 
scn). 


Scutellaria.  Skidlcap. 

Soymidee  Cortex,  P.I.,  Rohun 
Bark,  from  Soymida  fehrifuga. 

Taraxaci  Radix.  (Taraxacin.) 

Toddalia,  the  dried  root-bark  of 
Toddalia  acideata,  B.P.  Add. 
1900  ; Toddaliw  Radix,  P.I. 

Triticum  repens.  Rhizome  of 
couch-grass.  See  Agropyrum, 
ante. 

Veronica  Virginica,  roots  and 
rhizome.  Culvers  root ; Lejd- 
andra,  U.S.P.  (Leptandrin 

VUmrnnm.  Black  haw,  B.P. 
Add.  1900  ; and  U.S.P.  (1-7- 
liuruin). 


ALKALOIDS 


Con  slit  III  ion  of  Allmloid.s',  or  Organic  Ba.se.y. 

Natural  Alkaloids. — Tlie  natural  organic  bases,  alkaloids, 
or  alkali-like  bodies  (eiSos,  cidos,  likeness),  have  eertain 
analogies  with  ammonia.  The  constitution  of  some  of  them 
is  comparatively  simple,  while  in  many  cases  it  is  exceed- 
ingly complex  and  has  not  as  yet  been  fully  elucidated.  All 
contain  nitrogen,  and  may  be  regarded  as  ammonia  which 
has  had  its  hydrogen  replaced  wholly  or  in  part  by  one 
or  more  organic  groups  of  greater  or  less  complexity.  Some 
of  the  more  important  alkaloids  are  closely  related  to 
])yridine,  (|uinoline,  etc.,  compounds  which  are  referred  to 
further  on. 

Numerous  arlificial  organic  bases,  having  a very  simple 
relation  to  ammonia,  have  already  been  formed.  These  are 
commonly  called  amines,  and  they  are  j)rimary,  secondaiy, 
or  tertiary  according  as  one,  two,  or  three  atoms  of  hydrogen 
in  ammonia  have  been  replaced  by  radicals,  as  seen  in  the 
following  general  formulae  (R  = any  univalent  radical) : — 


N 


•kj 


“1 
R N 


or  in  the  following  examples  : — 
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EUiylainino 


CM 

aH,[N 


II 


Uiotliylamiiio 


K -N; 
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TriaUiylainiiifl 
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The  primary  and  secondary  amines  are  sometimes  called 
amino-bases  and  imino-bases  respectively. 

Fonnaiion  of  some  of  the  Arlificial  Organic  Bases. — A few 
illustrations  will  suffice.  Just  as  the  addition  of  hydrogen 
iodide,  HI,  to  ammonia,  NHg,  gives  ammonium  iodide, 
NH^I,  so  the  addition  of  ethyl  iodide,  C2H5I  or  EtI  (see  p. 
459),  to  ammonia  gives  ethyl-ammonium  iodide,  NH^CgH^I 
or  NHgEtl.  A fixed  alkali  liberates  ammonia  from  am- 
monium iodide ; it  liberates  ethyl-ammonia  or  ethylamine, 
N H.,Et,  from  ethyl-ammonium  iodide.  Ethylamine  with  ethyl 
iodide,  EtI,  gives  diethyl-ammonium  iodide,  NH2(Cr,Hg)2l  or 
NH.,Et.,I.  From  the  latter  caustic  potash  liberates  diethyl- 
ammonia  or  diethylaminc,  NHEt.,.  Diethylamine  with  ethyl 
iodide  gives  triethyl-ammonium  iodide,  NH(C„H5)3l  or 
NHEtgl.  The  latter  with  caustic  alkali  gives  triethyl- 
ammonia  or  triethylamine,  NEtg,  and  this  Avith  ethyl  iodide 
gives  tetrethy  1-ammonium  iodide,  N(C.,H.)^I  or  NEt  J,  which 
is  not  decomposable  by  caustic  potash. 

What  has  just  been  stated  respecting  ethyl  iodide  is  true 
of  a number  of  other  organic  iodides,  so  that  a large  number 
of  artificial  organic  bases  and  their  salts  can  be  produced. 
4’he  reactions  are  not  alu'ays  so  sharp,  however,  as  might 
be  inferred  from  the  preceding  paragraph,  mixtures  of 
])rimar3',  secondary,  and  tertiary  compounds,  rather  than  a 
single  amine,  being  obtained.  Some  of  these  artificial  bases 
not  011I3"  resemble  natural  alkaloids,  but  yield  solutions  which 
are  strongly  caustic  liquids,  like  solution  of  ammonia. 

4'he  radicals  in  the  amines  which  take  the  place  of  the 
h3"drogen  in  ammonia  are  not  necessarily  all  of  one  kind  as 
in  the  case  of  the  ethyl  derivatives  referred  to  above,  but 
two  or  more  different  radicals  may  be  present  in  the  same 
amine.  Thus,  for  example,  we  have  methyl-ethyl-amylamine, 
^CH3C2H5CjjHjp  or  NMeEtAy,  a colourless,  oily 
substance,  of  agreeable  aromatic  odour,  while  such  sub- 
stances as  methyl-ethyl-propyl-isobutyl-ammonium  chloride, 
NCH3C2lI.CgH-C^HgCl,  have  also  been  prepared. 

Analogues  of  Amines. — As  might  be  expected  from  the 
analogy  of  phosj)horus,  arsenium,  and  antimony  with  nitrogen, 
there  are  also  known  phosphines,  arsines,  and  .siihincs ; bases 
resembling  amines,  but  containing  the  resj)ective  elements 
(I’,As,Sb)  in  place  of  the  nitrogen  of  the  amines. 

Melhylaminc,  CIIgNHg,  and  Irimelhylamine,  (CH3)3N,  have 
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been  obtained  both  artificially  and  from  naturally  occurring 
organic  materials.  Methylamiue  was  found  by  Schmidt,  in 
Merciirialis  annua  and  M.  perennix,  and  previously  by  Reichardt, 
who  termed  it  mercuriaUnc.  Trimethylamine  is  produced  in 
large  (juantities  in  the  dry  distillation  of  the  evaporated 
residue  of  the  spent  wash  produced  in  beetroot  spirit 
distilleries. 


VropxjUimmc,  is  a volatile  oil,  one  product  of 

the  destructive  distillation  of  bones  and  other  animal 
matters. 

Besides  the  amines  derived  from  a single  molecule  of 
ammonia,  wliich  are  called  monaminc,i,  there  are  also  diamines, 
triamines,  etc.,  whicli  may  be  looked  upon  as  derivatives  of 
two,  three,  etc.,  molecules  of  ammonia.  Thus  ethylene- 
diamine  is  represented  by  the  formula  C„H  j(NH2)2.  Diethy- 
lene-diamine, NI J(C2ll4)„NH,  is  used  medicinally  under 
the  name  piperazine ; its  constitution  resembles  that  of 
jiiperidine  (see  )).  628),  but  with  the  group  NH  taking  the 
place  of  a CM.,  group  in  that  compound. 

Ili/drorijlamine. — Besides  the  various  amines  already 
mentioned,  ammonia  may  have  one  atom  of  its  hydrogen 
di.sj)laced  by  hydroxyl,  hydroxylamine,  NHoOH,  resulting, 
llydroxylamine  is  formed  by  the  reduction  of  the  nitric  acid, 
when  zinc,  dilute  sulphuric  acid,  and  a little  nitric  acid 
interact.  It  yields  substitution  products,  as  ethylhydroxyl- 
amine,  NIIC^Mr.DH,  and  addition  compounds,  as  h)alroxyl- 
amine  hydrochloride,  NH20H,HC1  : — 

I II  ill  rH 

N^II  N II  n]h  ' N-  II  MCI 

il-I  loH  ^OH  U)H 


Ammonia 


Ilydroxylamino  Etliyl- 

liydroxylaminn 


Ilydroxylamino 

hydroclilorido 


Hydroxylamine  and  aldehydes  yield  aldoximes.  Hydroxyl- 
amine and  ketones,  such  as  acetone,  yield  acetoximes.  (See 
Manuals,  not  limited  to  the  requirements  of  medical  and 
pharmaceutical  students.) 

Hydrazine,  H.,N — NHg-  Diethylamine,  by  action  of 

nitrous  acid,  yields  a nitroso-derivative  which,  on  reduction, 
furnishes  what  apparently  is  a diamidie  compound — diethyl- 
hydrazine,  (C.^Hi5).,N — NH,.  Hydrous  hydrazine  has  tlie 

formula  II2N— NH,,H./).  ‘ Hydrazine  itself  cannot  very 
easily  be  isolated.  Its  salts  with  ordinary  acids  aie 
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generally  crystalline,  and  isomorphous  with  corresponding 
amnioniuni  salts.  Acidulated,  they  have  very  powerful 
reducing  properties,  and  act  as  strong  poisons  towards  the 
lower  organisms.  Phcnylhifilrazinc,  CjjH^HN — NH^,  is  an 
extremely  useful  agent  ; emjjloyed  in  making  phenazone, 
various  colouring-matters,  etc.  It  forms  important  com- 
pounds with  the  sugars. 

Azoimkle  or  imidazoic  acid,  HNg,  is  a substance  closely 
resembling  the  haloid  acids,  and  was  originally  prepared  by 
Curtius  from  hydrazine  and  ethyl  hippurate ; it  may,  how- 
ever, be  prepared  more  easily  by  a method  proposed  by 
Wislicenus,  in  which  sodamide,  NaNH,„  prepared  by  passing 
ammonia  over  melted  sodium,  is  heated  with  nitrous  oxide. 

Plant  Alkaloids. — These  are  of  great  importance  to  the 
medical  and  pharmaceutical  student.  They  are  treated  in 
considerable  detail  in  the  succeeding  pages. 

Animal  Alkaloids. — Many  well-known  alkaloids  occur  in 
the  juice  of  the  flesh,  and  in  other  parts  of  animals.  Ordinary 
extract  of  meat  contains  abundance  of  crystals  of  creatine, 
C^HgNgO.,,  and  some  creatinine,  C^H^NgO.  Creatine  easily 
parts  with  the  elements  of  water  and  yields  creatinine  ; 
it  takes  up  the  elements  of  water  and  yields  sarkosine, 
CgH-NO^,  and  urea,  CH  jN^O.  Sarkosine  is  methyl-glycocoll. 
Taurine,  C^H.NSOg,  may  be  obtained  from  bile;  and  it  can 
be  constructed  artificially  from  its  elements.  Some  animal 
tissues,  as  of  the  spleen,  brain,  and  pancreas,  yield,  as  a 
product  of  work,  leucine,  C^HjgNO.^,  which  occurs  in  white, 
pearly  crystals;  also  tyrosine,  CyHj^NOg.  Lecithin,  which 
occurs  in  yolk  of  egg  and  in  the  brain,  is  a highly  complex 
choline  derivative,  being  a distearic  glyccrophosphoric  choline 

ester, 

As  examples  of  some  other  animal  alkaloids,  Gautier  has 
obtained  several  new  alkaloids  from  albumenoids,  and  hence 
has  termed  them  leucomaincs  (AevKw/za,  leuconia,  white  of 
eg«),  namely,  xanthocreatinine,  CgHjgNjO,  criusocrcatinine, 
(ii"I>lii(^'>'e(dinine,  CyII,yN^()j,  and  pseudo.vanthine, 
'I'he  leucomaincs  and  the  animal  alkaloids 
generally  are  of  great  physiological  interest.  Some  of  the 
leucomaines  are  toxic  and  indistinguishable  from  ptomaines ; 
in  fact,  the  three  cla.sses  merge  into  one  another. 

Ptomaines. — A series  of  diamines,  many  of  them  toxic, 
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have  been  isolated,  by  Brieger,  from  decaying  nitrogenous 
animal  principles,  including  the  putrid  albumenoids  or  pro- 
teids  of  the  human  body  itself — hence  the  name  ptomaines 
(TTTw/xa,  ploma,  a corpse).  These  have  some  medico-legal  im- 
portance, but,  inasmuch  as  they  may  occur  in  the  living  body, 
])oisoning  the  blood  during  the  progress  of  disease,  especially 
disease  associated  with  the  development  of  micro-organisms 
or  microbes,  that  is,  zymotic  disease  {(vp.p,  same,  leaven  or 
ferment),  they  have  great  pathological  interest  — indeed, 
j)hysiological  interest  also,  for  one  of  a curari-like  character 
seems  to  play  a part  in  the  jirocess  of  digestion.  The  names 
of  some  of  these  bases  are  neurinc,  CjHjgNO,  and  ncuridine, 
CgII,,N.„  from  ])utrid  flesh;  muscarine,  CgHjgNOg,  and 
gadiuinc,  C.-IIjgN().„  from  putrid  fish;  cadaucrine,  CgHj^Ng, 
saprinc,  and  piitrescinc,  QiIIj.jNg,  from  putrid  human  remains, 
choline  being  met  with  in  the  earlier  stages  of  decay ; and 
lelanine,  Cjgl  IggN.,(),,  (the  administration  of  which  to  animals 
j)roduccd  symptoms  resembling  those  of  tetanus  in  man), 
from  beef  j)utrcficd  by  the  agency  of  the  microbe  which  is 
/issociated  with  the  cause  of  traumatic  tetanus,  so  distressing 
to  the  human  subject.  Tprotoxicon  was  the  name  given  by 
Vaughan  to  a toxic  ptomaine  he  isolated  from  poisonous 
cheese  (repo's,  taros,  cheese  ; to^lkov,  toxicon,  poison),  after- 
w^ards  from  ]ioisonous  milk  and  cream,  which,  taken  as  food, 
had  caused  more  or  less  vomiting,  headache,  and  diarrhoea. 
Brieger  states  that  when  shell-fish  is  poisonous  this  is  due  to 
the  jiresence  of  a ptomaine  he  has  named  mijtUoxine,  CgHj^NOg. 
I’ara-  and  meta-phcnylene-diamine  a})pear  to  have  all  the 
characters  of  leucomaines  or  ptomaines,  the  latter  causing 
intense  influenza. 

Alkaloids  of  both  Plant  and  Animal  Origin.  — Choline, 
CgMjgNO.,,  occurs  in  the  bile  and  the  brain,  also  in  ergot  and 
ijiecacuanha,  hops,  areca  nut,  cotton-seed  cake,  Scopola 
Japonica,  etc.  Guanine,  CgligNgO,  and  sarkine,  CgH4N^(), 
are  found  in  flesh  and  in  young  plant  leaves.  Fresh  mcf^ 
furnishes  carnine,  C^HgN^Og,  which  also  occurs  in  yeast ; and 
betaine,  CgHj^NOg,  is  found  in  beetroot,  cotton-seed  cake,  and 
in  urine.  . 

Attempts  to  form  artificially  the  more  important  nalura 
organic  bases  commonly  used  in  medicine  have  for  the  mos 
part  failed,  although  a few  alkaloids,  identical  with  the  nalma 
substances,  have  been  obtained  synthetically  (e.g-j  ati opine 
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and  conine).  Many  artificial  colorific  alkaloids  of  the  amido- 
benzene  (aniline  or  phenylamine)  type,  and  of  a curious  double 
nitrogen  type  (deV/soicasewe  = C^H^-N  : N’OH)  have  been 
obtained.  But  the  type  of  the  natural  medicinal  alkaloids 
seems  to  be  more  closely  related  to  pyridine,  and  to 

(pdnolinc  or  chinoline,  CyH.^N.  Pyridine  is  producible  in  various 
Avays,  but  is  contained  in  hone-oil  (from  the  distillation  of 
bones — whence,  also,  pyrrol,  C^H^N,  and  thence  iodopyrrol, 
or  iodol,  C^l^HN,  a rival  of  iodoform),  together  with  the 
homologues /j/co/z«c,  C^H^N  (or  methyl-pyridine,  ortho-,  meta-, 
or  para-)  ; lulidine,  C-HgN  ; collidine,  CgHj^N  ; etc. ; forming 
an  homologous  series  of  pyridine  bases,  C,,H2u_gN. 


H 

C N 

('Cyll.  or  HC  C-NH„  HC  CH 

H I II  “ I II 

^ 11  PIC  CH  HC  CH 


Plieiiylaniino  or  amido-beuzcne  Pyridiue 

From  (|uinine,  cinchonine,  and  strychnine,  by  the  disrup- 
tive action  of  caustic  alkalies,  not  oidy  pyridine  and  homo- 
logues,  but  also  (juinoline  have  been  obtained.  Quinoline 
can  be  made  in  various  other  ways,  especially  (Skraup)  from 
nitrobenzene,  aniline,  and  glycerin.  Quinoline  is  closely 
related  both  to  benzene  and  to  pyridine  (,vce  the  following 
formula).  Its  relation  to  naphthalene  (two  carbon-conjoined 
benzene  residues)  is  similar  to  that  of  pyridine  to  benzene. 


II  II 

C C 

HC  C CH 


HC 


c:  CH 

c c 

II  H 

Naphllialoiio 


ft 


ft 


ft 


ft 


a a 
Alpha  and  beta  pOHitions 


H 

C 


PIC  C CPI 


HC 


C CH 

c c 

II  H 

yiiinolino 


Both  pyridine  and  quinoline  form  additive  comiiounds  with 
hydrogen  {see  Piperidine,  p.  028). 
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By  adding  six  atoms  of  hydrogen  to  pyridine,  piperidine 
is  obtained  ; and  conine,  the  alkaloid  of  hemlock,  is  piiieridine 
witli  propyl  (CgH^)  replacing  one  of  the  hydrogen  atoms.  It 
has  been  formed  artificially  by  Ladenburg  from  i)icoline  {see 
also  ecgonine,  tropine,  etc.). 

Chemists,  in  the  hoj)e,  doubtless,  of  discovering  how  to 
produce  the  valuable  medicinal  alkaloids  artificially,  have 
j)repared  a number  of  alkaloidal  derivatives  of  quinoline. 
One  of  them,  kairine,  somewhat  resembles  quinine. 

It  seems  i-easonable  to  suppose  that  the  study  of  the  con- 
stitution of  the  alkaloids,  in  light  of  the  products  resulting 
from  the  various  decomj)ositions  which  they  undergo,  will  in 
time  lead  chemists  to  the  successful  synthesis  of,  at  least, 
some  of  the  most  important  alkaloids.  Indeed,  the  rapid 
j)rogress  of  investigation  and  the  consequent  extension  of 
our  knowledge  of  this  department  of  chemistry,  justify  the 
inference  that  we  are  at  last  almo.st  “within  measurable 
distance”  of  the  artificial  pi'oduction  of  most  of  the  natural 
alkaloids.  'I'liis  is  a subject  of  financial  and  general  com- 
mercial weight;  of  considerable  technological,  including 
pharmaceutical,  importance ; of  very  great  medical  conse- 
(juence,  especially  taken  in  connection  with  its  ramifications  ; 
and  of  transcendent  scientific  interest  as  illustrating  the 
working  of  nature’s  forces  within  the  molecules  of  matter. 

Note  on  Nonienc/nlure  oj  Natiira/  Alkaloids. — 'fhe  first 
syllables  of  the  names  of  the  natural  alkaloids  frequently 
recall  the  name  of  the  plant  from  which  they  are  obtained, 
or  some  characteristic  property,  while  the  final  syllable  is 
either  ine  or  ia.  Ihe  compilers  of  the  American,  British, 
French,  and  German  Pharmacopoeias  have  uniformly  adopted 
the  termination  ine.  I'he  names  of  the  salts  of  the  alkaloids 
are  given  on  the  assumption  that  the  acid  simply  unites  with 
the  alkaloid  without  the  elimination  of  water.  Thus  mor- 
phine hydrochloride  (sometimes  termed  “hydrochlorate  ) 
is  regarded  as  morphine  which  has  united  with  hydrochloric 
acid.  Acids  in  general  unite  with  alkaloids  and  form 
additive  salts  of  a similar  kind. 

Antidoles. — In  cases  of  poisoning  by  alkaloids,  emetics  and 
the  stomach-pump  must  be  relied  on  rather  than  chemical 
agents.  But  astringent  licpiids  may  be  administered,  fm 
tannic  acid  precipitates  many  of  the  .alkaloids  from  thcii 
atpieous  solution,  absorption  of  the  poison  po.ssibly  being  thus 
retarded. 
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MORPHINE  AND  OTHER  OPIUM 
ALKALOIDS 

Morphine 

Occurrence.  — Morphine  or  morphia,  occurs 

in  opium  (the  inspissated  juice  of  the  seed-capsule  of  the 
White  Poppy,  Papaver  somniferuni)  perhaps  partly  as  morpliine 
meconate  [(Cji^HjgNOgjgjCwH^OpSHgO  ; Dott]  and  sulphate. 
The  dried  poppy-capsule  of  pharmacy  {Papavens  Capsulce, 
B.P.)  contains  opium  principles,  but  they  vary  much  in  nature 
and  proportion:  the  presence  of  morphine,  narcotine,  and 
meconic  acid  has  been  demonstrated ; also  (by  Groves)  of 
codeine  and  narceine.  Ordinary  Asia-Minor  opium  (Turkey, 
Sm}’rna,  or  Constantinople  opium)  contains,  when  dried,  from 
10  to  15  per  cent,  of  morphine.  The  British  Pharmacopoeia 
directs  that  opium  used  for  officially  recognised  purposes, 
other  than  the  manufacture  of  alkaloids,  or  of  extract  of 
opium  of  official  strength,  must  contain  not  less  than  9 '5,  and 
not  more  than  10'5  per  cent,  of  morphine,  when  the  opium 
is  quantitatively  analysed  (see  p.  794)  by  the  official  method. 

Morphine  Ilydrochlonde. — The  hydrochloride,  CjKHjgNOg, 
HCI,  3HgO  (Morphime  Hydrochloridum,  B.P.),  occurs  in  slender 
white  acicular  crystals ; it  is  prepared  by  simply  decom- 
posing an  aqueous  infusion  of  opium  with  calcium  chloride, 
calcium  meconate  and  morphine  hydrochloride  being  pro- 
duced. (If  the  infusion,  which  is  always  acid,  be  first  nearly 
neutralized  by  the  cautious  addition  of  small  quantities  of  a 
very  dilute  solution  of  ammonia,  the  calcium  chloride  then  at 
once  causes  precipitation  of  calcium  meconate,  which  can  be 
filtered  off,  leaving  a coloured  solution  of  morphine  hydro- 
chloride. On  the  large  scale  the  details  are  somewhat  differ- 
ent.) The  filtered  liquid  is  evaporated,  and  the  impure 
morphine  hydrochloride  which  crystallizes  out  on  cooling  is 
redissolved  in  water  and  treated  with  animal  charcoal ; the 
morphine  is  then  precipitated  from  the  still  coloured  liquid  by 
addition  of  excess  of  ammonia,  separated  by  filtration,  and 
dissolved  in  hot  dilute  hydrochloric  acid  ; morphine  liydro- 
chloride  separates  out  on  cooling. 

Morphine  hydrochloride  deposited  from  a hot  solution  in 
about  twenty  times  its  weight  of  alcohol  is  anhydrous. 

Morphine  Acelale  and  Parlrale.  — Morphine  acetate, 
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3H.,0  (J^lorphhuv  AceUts,  B.P.),  is  pre- 
pared by  dissolving  morphine  in  acetic  acid.  Morphine  tar- 
trate, 3H^O  (^Morphi)ia!  Tartras,  13. P.), 

may  he  prepared  hy  neutralizing  a mixture  of  morj)hine  and 
water  with  tartaric  acid.  One  grain  of  tartrate  in  22  minims 
of  water  forms  Injcdio  Morphiiuv  Ui/podemiim,  15.  P. 

Morphine  hydia)chloride,  acetate,  and  tartrate  are  soluble 
in  water,  hut  the  solutions  are  not  stable  unless  acidulated  and 
containing  alcohol  (^Lixpior  Morphlmv  I Ipdrochloridi,  B.P.,  Lujuor 
Morj)/iin(V  Acctaliv,  B.P.,  and  Lujiior  Morphina;  Tarlralix,  B.P.); 
in  preparing  the  oHicial  1 per  cent,  solutions,  a few  minims 
])cr  ounce  of  hydrochloric  or  acetic  acid  are  added  in  the  case 
of  the  two  former.  Even  solid  morphine  acetate  is  unstable, 
slowly  decom])osing  into  acetic  acid  and  morphine  ; hence  the 
acid  odour  of  morphine  acetate  ; hence,  too,  the  necessity, 
when  a solution  of  morphine  acetate  of  perfectly  definite  con- 
centration is  required,  of  jireparing  it  from  a weighed 
(piantity  of  hydrochloride,  or  of  pure  crystalline  morjihine. 
Other  jireparations  oflicial  in  the  British  Pharmacopeia,  are 
Siipposiioria  Morpliina',  Trochiscus  Morphina’,  Trochisens  Mor- 
phina;  el  Ipemeuanhiv . 

Morphine  Sniphctle,  (C,-I  I,pN().,),,,  M^SO  pOH.^O  is  prej)ared 
1)3'  neutralizing  preci])itated  morphine  with  dilute  sulphuric 
acid.  It  oecui’s  in  white  silky  crystals,  soluble  in  water. 

Solnhi/ili/  of  niorphine  xa/l.s-  in  water  at  G0°  F. — According 
to  Dott,  1 ])art  of  the  re.spective  salts  is  soluble  in  the  annexed 
numbers  of  j)arts  of  water  ; — acetate,  21  ; tartrate,  9 J ; sul- 
phate, 23;  h3'drochloride,  24;  meconate,  34. 

Analytical  lleaclionx. 

1.  'Po  a minute  fragment  of  a mori)hine  salt  add  one  drop 
of  water  <and  warm  the  mixture  until  the  salt  dissolves,  then 
stir  the  liejuid  with  a glass  rod  moistened  with  concentrated 
jienlral  solution  of  ferric  chloride;  a dirty-blue  colour  is  pro- 
duced. 

Fwen  in  dilute  solutions  morphine  reduces  potassium  fern- 
C3'anide  to  ferrocyanide,  hence  may  be  detected  by  the  blue 
precipitate  (Prussian  blue)  produced  on  the  addition  of  ferric 
chloride  and  ferricyanide.  Other  substances,  but  no  other 
oflicial  alkaloids,  give  this  reaction. 
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2.  To  a drop  or  two  of  a concentrated  solution  of  a mor- 
phine salt  in  a test-tube  add  a minute  fragment  of  iodic  acid 
(HIO3,  p.  317);  iodine  is  set  free.  Into  the  upper  part  of 
the  tube  introduce  a glass  rod  moistened  with  mucilage  of 
starch,  and  warm  the  solution  ; dark-blue  “ iodide  of  starch  ” 
is  produced.  If  the  mixture  of  morphine  and  iodie  acid  be 
shaken  up  with  chloroform  or  carbon  bisulphide,  a violet 
solution  is  obtained.  This  reaction  is  only  confirmatory  of 
others,  as  albuminous  matters  also  reduce  iodic  acid. 

3.  To  a few  drops  of  an  acpieous  infusion  of  opium  add 
a drop  of  neutral  solution  of  ferric  chloride  ; a red  solution  of 
ferric  meconate  is  produced.  Add  solution  of  corrosive  sub- 
limate ; the  colour  is  not  destroyed  (as  it  is  in  the  case  of 
ferric  thiocyanate,  a salt  of  similar  tint).  In  cases  of  poison- 
ing bj'  a preparation  of  opium,  this  test  is  almost  as  conclusive 
as  a direct  reaction  of  morphine  (the  poison  itself),  meconic 
acid  being  obtainable  from  opium  only. 

4.  According  to  Lamal,  morphine  solutions  give,  on 
addition  of  uranium  acetate,  a reddish-brown  colour,  which 
disaj)pears  on  adding  acids,  whilst,  on  adding  caustic  alkalies 
a deej)  red  precipitate  is  formed,  which  turns  yellow  on  adding 
an  excess  of  the  reagent.  The  test  is  best  made  by  putting 
2 to  10  drops  of  the  morphine  solution  into  a porcelain  dish 
and  adding  the  same  quantity  of  uranium  solution  (0'015 
gramme  of  uranium  acetate  and  O'Ol  gramme  of  sodium 
acetate  in  .5  c.c.  of  water).  After  evai)orating  on  the  water- 
bath,  concentric,  bright  red  or  hyacinth-red  spots  are  left. 
The  reaction  is  still  visible  with  0 05  milligramme  of  the 
alkaloid.  Most  of  the  other  alkaloids  give  no  reaction ; 
salicylic  acid  gives  brick-red  spots ; tannin,  gallic  acid,  and 
jiyrogallol  brown  spots.  Phenol  gives  a brown  colour,  slowly 
disappearing  on  warming.  The  coloration  with  uranium 
acetate  is  very  permanent. 

Other  Reactions. — Add  sodium  carbonate  to  a solution  of 
a morphine  salt ; a white  precipitate  of  morphine  is  produced 
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slowly,  and  is  of  a crystalline  character  if  the  solution  is  dilute. 
Collect  this  jirecipitate  and  moisten  it  with  neutral  solution 
of  ferric  chloride ; the  bluish  tint  above  referred  to  is  pro- 
duced.  Add  an  alkali  to  a solution  of  morphine  h}'dro- 

chloride,  acetate,  or  tartrate  ; morphine  is  preci])itated,  soluble 

in  excess  of  fixed  alkali,  far  less  readily  so  in  ammonia. 

Moisten  a particle  of  a morphine  salt  with  nitric  acid;  an 
orange-red  coloration  is  produced.  Warm  some  morphine 
with  concentrated  suliihuric  acid  and  sodium  arsenate;  a 

hlue-grecn  tijige  results. To  morphine  add  concentrated 

sulphuric  acid,  mix,  and  add  powdered  bismuth  nitrate  to 

the  fi^iid  ; the  mixture  turns  dark  brown  or  black. Heat 

morphine  on  platinum  foil ; it  burns  av'ay  entirely. 


Codeine 

Codeine,  or  Codeia,  C^gll.^^NO,,,  H.,0,  methyl-morphine, 
is  another  officially  recognised  opium  alkaloid  {Codeina,  E.P.). 
It  di.s.solvcs  in  the  slight  excess  of  ammonia  cmjdoyed  for 
precijntating  morphine  in  the  foregoing  i)rocess  for  the 
j)rej)aration  of  morj)hine  hydrochloride.  It  is  obtained  by 
cva))orating  the  ammoniacal  filtrate,  treating  the  residue 
witli  water,  precipitating  with  caustic  potash,  and  purifying 
the  precijjitated  alkaloid  by  recrj^stallization  from  ether. 
Codeine  may  also  be  obtained  by  heating  a sodium  compound 
of  morphine,  Cj-H|gNaN()g,  with  methyl  iodide,  CHgl  ; sodium 
iodide  and  metbyl-morphine  or  codeine  result.  It  occurs  “in 
colourless  or  nearly  colourless  trimetric  ciystals,  soluble  in 
80  j)arts  of  water  or  of  solution  of  ammonia,  readily  soluble 
in  alcohol  (90  jjer  cent.),  in  chloroform,  and  in  diluted  acids. 
It  is  soluble  in  30  parts  of  ether.  I'he  aqueous  solution  has 
a bitter  taste  and  an  alkaline  reaction.  The  alkaloid  dissolves 
in  an  excess  of  suljihuric  acid,  forming  a colourless  solution, 
a small  quantity  of  which,  when  gently  warmed  on  a water- 
bath  with  2 drops  of  solution  of  ammonium  molybdate,  or 
with  a trace  of  ferric  chloride  or  potassium  fcrricyanide, 
develops  a blue  or  bluish-black  colour,  which,  on  Ifie 
addition  of  a minute  trace  of  dilute  nitric  acid,  changes  to 
a bright  scarlet,  becoming  orange.  Heated  to  redness  m 
air,  it  yields  no  ash.”  It  reduces  a solution  of  one  j>art  of 
ammonium  selenite  in  twenty  of  concentrated  sulpliuric  acid. 
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yielding  a green  colour  (Lafon).  Codeine  neither  gives  a 
blue  colour  with  ferric  chloride  nor  a red  with  nitric  acid. 
Both  codeine  and  morphine  when  heated  with  a mixture  of 
concentrated  sulphuric  acid  and  sodium  arsenate  give  a blue 
colour,  the  morphine  yielding  a greenish  blue  and  the  codeine 
a violet  blue. 

Codeine  Phosphate  is  official  (Codeinae  Phosphns,  B.P.),  and 
a syrup  is  prepared  from  it  {Syrupus  Codeiiue,  B.P.). 

Dionin,  is  ethylmorphine  hydrochloride ; ^19^23^^3’ 

HCl.Hp. 

Heroin  is  diacetylmorphine,  CjyHj^N0(C2Hg02)2-  Both 
the  base  itself  and  its  hydrochloride  are  used  in  medicine. 

Apomorphine, 

The  alkaloid  apomorphine  (aTro,  apo,  from,  and  morphine') 
was  obtained  from  morphine  by  Matthiessen  and  Wright. 
It  produces  remarkable  physiological  effects  ; one-tenth  of  a 
grain  (in  aqueous  solution)  injected  under  the  skin,  or  a 
quarter  of  a grain  taken  into  the  stomach,  produces  vomiting 
in  from  four  to  ten  minutes. 

Preparation. — Morphine  hydrochloride  or  codeine  hydro- 
chloride is  hermetically  sealed  in  a thick  tube  with  consider- 
able excess  of  hydrochloric  acid,  and  heated  to  nearly  300°  F. 
(148'8°  C.)  for  two  or  three  hours.  The  product  is  purified 
by  diluting  the  contents  of  the  tube  with  water,  precipitating 
with  sodium  bicarbonate,  and  treating  the  precipitate  with 
ether  or  chloroform.  On  shaking  up  the  ethereal  or  chloro- 
form solution  with  a very  small  quantity  of  concentrated 
hydrochloric  acid,  the  sides  of  the  vessel  become  covered 
with  crystals  of  the  hydrochloride  of  the  new  base  (^Aponior- 
phina;  I lydrochloridmn,  B.P.),  These  may  be  drained  from  the 
mother-licjuor,  washed  with  a little  cold  water,  in  which  the 
salt  is  sparingly  soluble,  recrystallized  from  hot  water,  and 
dried  on  bibulous  paper  or  over  sulphuric  acid.  The  formula, 
Cj-Hj^^NO^jIICl,  may  be  derived  from  that  of  morphine  by 
abstraction  of  the  elements  of  water.  “ From  solutions, 
solution  of  sodium  bicarbonate  throws  down  a jirecijjitate 
which  becomes  green  on  standing  and  then  forms  a solution 
which  is  j)urple  with  ether,  violet  with  chloroform,  and  bluish 
green  with  alcohol  (90  per  cent.).  With  dilute  test-solution 
of  ferric  chloride  it  gives  a deep  red,  ami  with  nitric  acid  a 
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blood-red  coloration.”  A one  per  cent.  a(|ueous  solution  of 
aponior]ihine  hydrochloride  constitutes  the  hjedio  Apomor- 
phi)HV  I f i/podeniiica,  B.P. 

Other  alhahhds  exist  in  opium.  In  the  jireparation  of 
morphine  a considerable  (piantity  of  iiarcoline,  C.j.dl.jgNO^,  or 
{l^^fii'eolhia,  P.I.),  an  alkaloid  of  very  weak 
basic  properties,  remains  in  the  exhausted  opium,  and  may  be 
extracted  by  digesting  in  acetic  acid,  filtering,  and  pre- 
cipitating by  adding  ammonia.  It  crystallizes  in  brilliant 
needles  from  alcohol  or  ether.  I'he  formula  of  its  hydro- 
chloride is  CggIt23Nf^7)llCl,II.gO.  By  oxidation  it  yields 
colaniiiie  and  an  acid  termed  opianic.  I'rom  the  mother- 
licpiors  there  have  also  been  obtained  thchaine,  CjgllojNOg, 
paptirerhie,  Cg,IIg|N(),j  (Me.s.se);  C.^oIIg^NO.,  (Merck)j  narceine, 
C.g.,1 1,g-N(  )g,  eri//)topi?ie,  C.,,  I I,_,.,N()r,,  mee.onin,  Cj„IIjg(),,  ineeon- 
olsin,  CgH,„().g,  landanine,  C.,,|II.gj;N(),,  eodainine,  CjoIIggNO,, 
gno.sTOf)ine,  C._„gII._,.,N()-,  pscndoniorphine,  Cg^IIgyNgOg,  proloplne, 

I|-N(')g,  tandanosine,  C.g|IIg^NO|,  hjt/droeolarnine,  Cj.jHjgNOg, 
rha-adine,  C.,jII.,^N()g,  meconidine,  C^jH^gNOj,  lanlliopine, 
CggllggNO,.  ^ 

A little  acetic  acid  also  exists  in  oihum  (D.  Brown). 

(Jonxlifnlion  oj  Aforphine. — 'I'he  opium  alkaloids,  like  the 
cinchona  alkaloids,  have  heen  attacked  hy  many  chemists  in 
the  hope  that  analytical  or,  in  a sense,  destructive  investiga- 
tion would  lead  to  synthetical  or  constructive  operations ; 
and  many  interesting  and  promising  results  have  been 
obtained.  It  is  found  that  morjjhine  is  a tertiary  base;  it 
yields  j>yridine  in  several  reactions,  supporting  the  view  that 
it  is  a pyridine  derivative.  By  suitable  oxidation,  it  yields 
picric  acid,  and  by  fusion  with  caustic  alkali,  jwotocatechuic 
acid,  both  which  reactions  indicate  relationship  to  benzene. 
The  nitrogen  atom  in  morphine  appears  to  have  a methyl 
group  attached  to  it.  But  the  subject  is  not  yet  sufficiently 
develoj)cd  for  u.seful  study  by  ordinary  students  of  medicine 
or  pharmacy. 


QUESTIONS  AND  EXERCISES 

Write  some  general  formulm  of  artificial  alkaloids. — Name 
substances  rej>resented  by  the  following  formula; : — 


C3II7I 


C,H,] 


CIL 


1 


CIE 


1 


CHc 


1 


CHo 


the 
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Describe  tlie  treatment  in  eases  of  poisoning-  by  alkaloids.— Give  a 
process  for  the  preparation  of  morphine  hydrochloride.  In  what  form 
does  morphine  occur  in  opium  i' — How  is  morphine  acetate  prepared  ? — 
What  plan  is  adopted  for  preventing  the  decomposition  of  the 
official  morphine  solutions  ? — Mention  the  analytical  reactions  of 
morphine. — In  addition  to  the  reactions  of  morphine,  what  test  may 
be  employed  in  searching  for  opium  in  a liquid  or  semi-Huid 
material? — Describe  the  relation  of  morphine  to  codeine. — How  is 
apomorphine  prepared  and  what  are  its  properties  ? 


QUININE  AND  OTHER  CINCHONA 
ALKALOIDS 
Quinine;  SH^O 

Source. — Quinine  and  other  alkaloids  exist  in  the  bark  of 
various  species  of  Cinchona  and  Ileinijia  as  kinates,  or  rather, 
(juinates.*  The  official  galenical  preparations  are  made  with 
the  Succirubra  or  Red  Cinchona  Bark  {Cinchome  Rithrcc 
Cortex,  B.R.),  from  Cinchona  succirubra,  Pavoii. 

Exlradiou  of  the  Mixed  Alkaloids. — Mix  two  ounces  of 
powdered  cinchona  bark  with  a quarter  of  its  weight  of 
slaked  lime  and  a little  water,  and  extract  with  benzol.ited 
amyl  alcohol.  (For  a description  of  this  operation,  .see 
the  official  assay  of  red  cinchona  bark,  p.  789.)  Shake  the 
lifjuid  product  in  a separating  funnel  with  an  ounce  of  water 
acidulated  with  sulphuric  or  hydrochloric  acid.  Draw  off 
the  aqueous  liejuid,  which  contains  the  alkaloids  as  acid  sails, 
and  add  to  it  a slight  excess  of  ammonia.  Collect  the  pre- 
cij)itated  alkaloids  on  a filter,  wash,  and  dry  by  exj)osure  to 
air,  or  in  a desiccator  over  sulphuric  acid.  For  the  separation 
of  alkaloids,  an  operation  which  should  not  be  attempted  at 
this  stage  of  study,  see  “ l)e  Vrij’s  method,”  p.  792. 

<lninine  Sulpliale  {Ipiinime  Sulphas,  B.P.)  may  be  prepared 

* Quinin  acid,  C^Hi.X^,  occurs  in  ciiurhona,  coffee,  holly,  ivy,  oak, 
eirn,  etc.  Heated  it  yields  liydro(piinone,  C||H,(OH).2.  Oxidized  it 
gives  (luinone,  C,iH.,0.j,  which  is  probably  a di-ketone,  C,Hi(COX. 

or  C,H._,<^^>C._,H.„  The  hornologues  of  benzene  yield  other 
“ quinoties,” 
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by  treating  3"ello\v  cinchona  bark  with  dilute  hydrochloric 
acid,  ))recipitating  the  resulting  solution  of  quinine  h)’dro- 
chloride  bj^  means  of  caustic  soda,  and  redissolving  the  pre- 
ci))itated  quinine  in  the  proper  quantity  of  hot  dilute 
sulphuric  acid.  Quinine  sulphate  ciystallizes  out  on 
cooling  in  silkj'  acicular  crystals,  having  the  formula 
[(CoqI-I^^N.,Oo)^H2SOj],_„  ISH.^O.  In  diy  air  it  loses,  by 
eilioresccnce,  eleven-fifteenths  of  its  water. 

(Quinine  sulphate,  the  ordinary  or  so-called  iieulral  siil- 
pliate,  is  only  slightly  soluble  in  water ; on  the  addition  of 
dilute  sulphuric  acid  the  so-called  acid  xulphalc  or  soluble  sul- 
ptiale,  Co()ik,,|N.^C).2,  IQSO^,  YH.^O,  is  formed,  which  is  freely 
.soluble.  The  latter  salt  maj^  be  obtained  in  large  rect, angu- 
lar ])risms.  A soluble  .acid  sulphate  having  the  formula 
C^„I 2M.^S().,,  7M„(),  also  exists.  Infusim  CiiiclioiKe 
Acidinu,  Jl.l’.,  contains  acid  (luinine  sidphate. 

'i'he  ordinaiy  quinine  sulphate  is  much  more  soluble  in 
alcohol  or  alcoholic  liquids  than  in  water.  An  Ammoniated 
'I’incture  (Tinctura  (iuiniiia’  Ammoniala,  B.P.)  is  made  by  dis- 
solving the  sul|)hate  in  aleohol  (GO  per  cent.)  and  adding  a 
large  excess  of  solution  of  ammonia.  This  tincture  contains 
(piinine  itself,  liberated  from  combination  by,  and  dissolved 
by  aid  of  the  excess  of,  the  ammonia.  Quinine  wine  (^Fi)iim 
(iiiiiiiiKr,  11.  P.)  is  a solution  of  quinine  hjalrochloride  in 
orange  wine,  'i’he  remaining  pharmacopoeial  pre])ar.ations  of 
(|uinine  are  the  hydrochloride,  acid  hj-drochloride,  and  the 
mixed  iron,  ammonium,  and  (piinine  citrates  (^Ferri  el  Quiume 
('liras,  11. P.),  the  well-known  scale  compound  (see  p.  174). 

(iuluiue  Hydrochloride  (^Quiniua;  Ilpdrochloridum,  B.P.)  may 
be  prejiared  by  neutralizing  (piinine  with  hydrochloric  acid. 
Its  formula  is  C2(,H24N20.^, HC1,2H20.  It  is  soluble  in  about 
.34  parts  of  water  at  ordinary  temjjeratures,  the  sulphate 
requiring  700  or  800.  'I'he  two  salts  resemble  each  other  in 
appearance,  but  the  crystals  of  the  hydrochloride  are  com- 
monl}^  somewhat  larger  than  those  of  the  suljihate. 
grains  of  quinine  hjalrochloride  dissolved  in  1 pint  of  J ioc- 
ture  of  Orange  forms  Tinctura  (^uinime,  B.P. 

Acid  Quinine  Hydrochloride  (^Quiuiua’  J lydrochloriduui 
Acid inn,  B.P.)  is  “a  white  crystalline  powder  soluble  in  less 
than  its  own  weight  of  water,  yielding  a somewhat  acid 
li(piid.”  Its  formula  is  C2qH2.,N202,2HC1,3H20. 
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Baxic  Quiiniie  Cilralc  has  the  formula  (C2oH24N20.2)o, 
HgCjjHjOpSH^O.  Other  citrates  contain  three  molecules  of 
quinine  to  two  of  citric  acid,  and  one  of  quinine  to  one  of 
citric  acid.  Quinma’  Valerianax,  U.S.P.,  has  the  formula 

C2oHo4N202,C,Hjo02,H20. 


Rcaclions. 

1.  To  an  acidulated  solution  of  a quinine  salt  add  fresh 
chlorine-water,  shake,  and  then  add  solution  of  ammonia ; a 
green  coloration  {ihdlleioquhi)  is  produced.  Bromine-water, 
or  bi'omine-vapour,  or  solution  of  chlorinated  lime  may  be  used 
instead  of  chlorine. 

2.  Repeat  the  foregoing  reaction,  but  prior  to  the  addition 
of  solution  of  ammonia  add  solution  of  potassium  ferro- 
cyanide ; an  evanescent  red  coloi’ation  is  produced  (Livonius 
and  Vogel). 

3.  To  an  aqueous  solution  of  a soluble  quinine  salt  add 
solution  of  ammonium  oxalate  ; a white  crystalline  j>recipi- 
tate  of  quinine  oxalate,  soluble  in  acids,  is  produced.  If  the 
solution  to  be  tested  be  made  from  ordinary  quinine  sulphate, 
excess  of  the  latter  should  be  added  to  water  very  faintly 
acidulated  with  sulphuric  acid,  and  the  undissolved  crystals 
removed  by  filtration. 

4.  A saturated  aqueous  solution  of  any  neutral  quinine 
salt  is  made  by  dissolving  so  much  of  the  salt  in  hot  water 
that  some  shall  separate  when  the  mixture  has  eooled  to 
about  60°  F.  (1.5’5°C.).  After  standing  for  some  time,  filter. 
To  the  filtrate,  ether  which  has  been  washed  with  water  is 
added  until  a distinct  layer  of  ether  remains  undissolved, 
and  then  ammonia  in  slight  excess.  After  agitation  and  rest 
for  fifteen  minute.s,  all  precipitated  quinine  will  have  redis- 
solved. 

Note. — In  the  case  of  quinidinc  salts  well-defined  crystals 
appear  at  the  junction  of  the  aqueous  and  ethereal  layers, 
especially  after  standing.  In  the  case  of  cinclionidine  salts  a 
thick  layer  of  small  crystals  appears  at  once.  In  the  case  of 
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cinchonine  salts  the  undissolved  alkaloid  makes  the  ethereal 
layer  nearly  solid.  In  testing  quinine  for  other  alkaloids 
evaporate  the  aqueous  solution  to  one-fifth. 

5.  Formation  of  Quinine  lodo-sulphate.  Dissolve  quinine 
sulpliate  in  dilute  alcohol  slightly  acidulated  with  sulphurie 
acid,  and  add  an  alcoholic  solution  of  iodine  ; a black  pre- 
cijiitate  forms.  Allow  the  precipitate  to  settle,  pour  away 
the  licpiid,  wash  once  or  twice  with  cold  alcohol  and  then  boil 
with  alcohol ; on  cooling  minute  crystals  separate.  This 
iodo-sulphate  is  sometimes  termed  Herapathite,  from  the 
name  of  one  of  the  chemists  who  discovered  it  (in  1852). 
'I’he  use  of  j)lates  of  this  sub.stancc  instead  of  tourmaline  in 
certain  forms  of  jjolarizing  ajqiaratus  has  been  suggested,  as 
they  behave  as  tourmaline  does  towards  light  passing  through 
them.  Under  the  name  of  “ iodide  of  hydriodate  of  quinine,” 
Bouchardat  described  and  used  it  in  1845.  It  is  so  slightly 
soluble  in  alcohol  that  by  its  means  (piiiiine  ean  be  fairly 
well  separated  from  its  admixture  with  the  other  cinchona 
alkaloids.  According  to  Jorgensen  it  has  the  formula 
4C._,,I  U,N.,(),,,3IUS(),„2I  I I,l,„.rII,(). 

G.  Prej)are  a saturated  solution  of  ordinary  quinine  siil- 
])hate  in  water  at  about  G0°  f'.  (15’5°  C.),  and  add  to  5 
volumes  of  that  .solution  7 volumes  of  solution  of  ammonia 
(sj).  gr.  O'DG).  The  alkaloid  which  is  at  first  precipitated 
redissolves  iq)on  slight  agitation  if  the  quinine  sulphate  is 
free  from  anything  but  traces  of  other  cinchona  alkaloids.  If, 
however,  more  than  traces  of  quinidine,  cinchonidine,  and 
cinchonine  salts  be  present,  a permanent  precipitate  remains. 
This  is  Kerner’s  method  of  testing  quinine  sulphate  for  other 
cinehona  alkaloids.  It  turns  upon  the  fact  that  the  solubility 
of  the  cinchona  alkaloid  sulphates  in  water  is  in  the  opj)osite 
order  to  the  solubility  of  the  alkaloids  themselves  in  solution 
of  ammonia. 

Uiher  chorncters. — Concentrated  sulphuric  acid  dissolves 
(|uinine  w'ith  production  of  oidy  a faint  j'ellow  colour,  which 
is  not  increased  by  warmth. Quinine  and  its  salts,  heated 
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on  platinum  foil,  burn  away  entirely. Most  quinine  salts 

when  in  solution  have  a beautiful  blue  fluorescence.  Ihey 

rotate  the  plane  of  polarization  of  light  to  the  left. Quinine 

is  soluble  in  alcohol,  ether,  benzol,  and  chloroform.  Ordinary 
quinme  sul|)hate  is  insoluble  in  chloroform,  and  but  slightly 
soluble  in  water.  Its  solubility  in  ehloroform  is  increased  by 
the  presence  in  solution  of  quinidine  and  cinchonine  sulphates 
(Prescott),  and  its  solubility  in  water  is  decreased  by  the 
presence  in  solution  of  ammonium  sulphate  (Carles).  The 
slight  solubility  of  quinine  sulphate  and  iodo-sulphate  in 
water  distinguishes  quinine  from  the  other  cinchona  alkaloids, 
including  the  “amorphous  alkaloid,”  or  quinoidine. 

Quinidine,  (the  conqidnine  or  conchinine  of 

Hesse),  is  an  isomer  of  quinine.  Its  salts  are  fluorescent, 
and  yield  thalleioquin  with  ehlorine-  or  bromine-water  and 
ammonia.  They  rotate  the  plane  of  polarization  of  light  to 
the  right.  Quinidine  is  insoluble  in  water  and  sparingly 
soluble  in  ether  {see  Quinine,  4th  Analytical  Reaction).  It  is 
soluble  in  alcohol,  benzol,  and  chloroform.  It  is  less  soluble 
than  quinine  in  ammonia,  5 volumes  of  a saturated  aqueous 
solution  of  (juinidine  sulphate  requiring  60  to  80  volumes  of 
ammonia  solution  (sp.  gr.  0'96).  Its  sulphate  is  more  soluble 
in  water  and  chloroform  than  quinine  sulphate.  Quinidine 
tartrate  is  soluble  in  water.  The  hydriodide  is  insoluble  in 
water  and  dilute  alcohol,  and  occurs  as  gritty  ciystals.  The 
other  cinchona  alkaloid  hydriodides,  though  more  soluble 
than  quinidine  hj'driodide,  are  sometimes  precipitated  from 
neutral  concentrated  solutions  as  amorphous  or  semi-liquid 
precipitates.  These,  however,  are  soluble  in  dilute  alcohol. 
Quinidince  Sulphas,  U.S.P.,  has  the  formula  (C.,yH  ,,N,0,,)„ 

IRS0„2H,0.  

Cinchonidine,  — The  sulphate,  (Cj^H.^^N.jO),, 

H,S0,j,.3H,0,  may  be  obtained  from  the  mother-liquors  from 
the  crystallization  of  quinine  sulphate.  When  perfectly  pure, 
cinchonidine  .salts  do  not  yield  thalleioquin,  and  are  not 
fluorescent.  Even  good  commercial  salts,  however,  nearly 
always  give  both  reactions.  Cinchonidine  salts  rotate  the 
plane  of  polarization  of  light  to  the  left.  Cinchonidine  is 
insoluble  in  water  and  nearly  so  in  ether.  (.See  (Quinine,  4th 
Analytical  Reaction.)  It  is  soluble  in  alcohol,  benzol,  and 
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chloroform.  It  is  less  soluble  in  ammonia  solution  than 
quinine,  5 volumes  of  a saturated  acjueous  solution  of  cin- 
chonidine  sulphate  requiring  about  80  volumes  of  ammonia 
solution  (sp.  gr.  0'96).  It  is  true  that  einchonidine  is  dis- 
solved as  readily  as  (juinine  if  excess  of  saturated  solution  of 
ammonia  is  quickly  mixed  with  the  solution  of  the  cin- 
chonidine  salt ; but  from  such  a solution  einchonidine  soon 
crystallizes  out,  while  quinine  remains  dissolved  for  many 
hours,  einchonidine  sulphate  and  hydriodide  are  soluble  in 
w'atcr,  hut  the  sulphate,  like  (piininc  sulphate,  is  insoluble  in 
chloroform.  Cinchonidine  tartrate  is  insoluble  in  water  ; and 
in  this  form  cinchonidine  is  usually  separated  from  neutral 
solutions  containing  the  other  cinchona  alkaloids  except 
(piinine,  the  filtrate  from  the  preeijntate  of  tarti’ate  yielding 
cinchonine  on  the  addition  of  ammonia. 

Cinchoniue,  C,,,l  l.,.,N„(),  is  an  isomer  of  cinchonidine.  The 
sulphate  may  be  obtained  from  the  mother-liquors  from  the 
crystallization  of  the  (luininc,  cinchonidine,  and  quinidine 
sulphates,  by  adding  caustic  soda  to  precipitate  the  alkaloid, 
washing  with  alcohol  until  free  from  other  alkaloids,  dis- 
solving in  sul])huric  acid,  and,  after  purifying  the  solution 
with  animal  charcoal,  allowing  to  crystallize.  When  quite 
pure,  its  salts  are  not  fluorescent  and  do  not  yield  thalleioquin, 
but  as  in  the  case  of  cinchonidine,  most  commercial  specimens 
of  cinchonine  salts  nearly  always  give  both  reactions.  Cin- 
chonine salts  rotate  the  plane  of  polarization  ot  light  to  the 
right.  Cinchonine  is  insoluble  in  water  and  nearly  so  in 
ether.  (Sec  (Quinine,  4th  Analytical  Reaction.)  It  is  soluble 
in  chloroform,  benzol,  and  alcohol.  Chlorotorm  conlainiug 
one-fourth  of  its  weight  ot  95  per  eent.  alcohol  dissolves 
cinehonine  much  more  readily  than  either  alcohol  or  chloro- 
form alone.  Cinchonine  is  insoluble  in  ammonia  solution. 
Cinchonine  sulphate,  tartrate,  and  hydriodide  are  soluble  b' 
water,  and  the  sulphate,  like  (piinidine  sulphate,  is  soluble  in 
chloroform.  In  mixtures  of  cinchona  alkaloids  this  alkaloic 
is  precipitated  by  alkali  after  the  others  have  been  succes- 
sively removed  by  ether,  sodium  tartrate,  and  potassium 
iodide.  . „ 

“ Qinnoidine,”  ‘UMnoidine,’’  or  the  “ amorphous  alicnimd. 
— Cinehona  barks  generally  contain  .some  alkaloid 
with  quinine  which,  like  (piinine,  is  soluble  in  ether,  but  le 
ordinary  sulphate  and  iodo-sulphate  are  not  ciysta  me  ai 


ALKALOIDS 


609 


are  soluble.  These  salts  are  semi-solid  resinous-looking  sub- 
stances. The  iodo-sulphate  is  used  in  De  Vrij’s  method  for 
the  separation  of  mixed  alkaloids.  Quinoidine  is  usually 
obtained  along  with  the  quinine,  etc.,  extracted  from  the 
mixed  alkaloids  by  ether,  and  remains  in  the  mother-liquor, 
from  which  it  is  precipitated  by  an  alkali. 

Quinicine,  and  cinchoiiicine,  are  alkaloids  produced  by  the 
action  of  heat  on  quinine  or  quinidine  and  on  cinchonidine 
respectively.  They,  also,  are  isomers,  Hesse  says  polymers, 
of  the  parent  alkaloids.  Both  yield  crystalline  salts.  Qiiini- 
retin  is  the  name  given  to  the  brown  or  reddish-brown 
indifferent  substance  into  which  quinine  in  aqueous  solution 
is  converted  when  much  exposed  to  light. 

Quinamine,  CjgH„^N202,  is  a fifth  cinchona  alkaloid 
obtained  by  Hesse  in  1872  from  the  bark  of  Cinchona  suc- 
cirubra.  Its  solution  is  not  fluorescent,  and  does  not  yield 
thalleioquin.  Another  alkaloid,  cinchamidine,  CjgH24N20,  de- 
tected by  the  same  chemist,  is  identical  with  hydrocinchonidine. 

Cupreine,  CjgH2.,N.,0.„  is  an  alkaloid  discovered  simul- 
taneously by  Howard  and  Hodgkin,  by  Paul  and  Cownley, 
and  by  Whiffen,  in  the  bark  of  a Remijia  (allied  to  Cinchona) 
and  termed  cuprea  bark.  It  closely  resembles  quinine,  but 
is  sparingly  soluble  in  ether.  It  may  be  converted  into 
quinine  by  heating  its  sodium  compound  with  methyl 
chloride  ; whence  it  appears  that  quinine  is  methyl-cupreine. 
The  substance  at  first  termed  homoipdnme  or  nltraquinine  is  a 
compound  of  cupreine  and  quinine,  C.gH^NgO.,,  C.,gH,,NoO.„ 
4H2O.  

Hydroquinine,  C.,gH2(.N20.„  containing  two  more  atoms  of 
hydrogen  than  are  present  in  the  quinine  molecule,  is  an 
alkaloid  associated  with  quinine  in  minute  quantity  in  cin- 
chona bark.  It  remains  in  the  mother-liquor  when  quinine 
sulphate  is  crystallized  from  an  acid  solution.  Its  characters 
are  closely  allied  to  those  of  quinine  and  its  therapeutic 
action  is  similar.  It  was  discovered  by  Hesse. 

Con.slilulion  of  the  cinchona  alkaloids.  This  is  not  yet  clear, 
though  great  advances  have  been  made.  In  the  course  of 
the  investigations  derivatives  of  quinoline  have  been  obtained, 
which  more  or  less  resemble  quinine;  these  are  kairine, 
kairoline,  and  lhalline. 

2 Q 
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Strychnine 

Source. — Strychnine  or  strychniaj  C^jHooNoOo,  exists,  to 
the  extent  of  about  1 per  cent.,  in  Nux  Vomica  {Strychnos  Nux- 
vomica),  also  (Shenstone)  in  minute  quantity  in  the  bark  of 
the  Nux  Vomica  tree  (false  angostura  bark)  and  to  I'O  or  1'5 
per  cent,  in  St  Ignatius’s  bean  {Strijehnos  Ignatius),  partly,  at 
least,  in  combination  with  strychnic  or  igasuric  acid.  Crow 
also  found  it  in  the  bark  of  S.  Ignatius. 

Preparation. — Nux  Vomica  seeds,  disintegrated  by  steam- 
ing, and,  after  drying,  grinding  in  a coffee-mill,  are  exhausted 
witli  alcohol  (90  j)er  cent.),  the  latter  is  removed  by  distilla- 
tion, the  extract  dissolved  in  water,  colouring-matters  and 
organic  acids  precipitated  by  adding  lead  acetate,  the  filtered 
licpiid  evaporated  to  a small  bulk,  the  strychnine  precijiitated 
by  means  of  ammonia,  the  preeijutate  washed,  dried,  and 
exhausted  with  the  recovered  alcohol,  the  latter  again 
removed  by  distillation,  and  the  residual  liquid  set  aside  to 
crystallize.  Crystals  of  strychnine  having  formed,  the 
mother-liquor  (which  contains  the  brucine'  of  the  seeds)  is 
poured  away,  and  the  crystals  of  strychnine  are  washed 
with  alcohol  (to  remove  any  brucine)  and  recrystallized. 
'I'liis  alkaloid  is  official  {SlnjcJinina,  B.P.). 

Pro]n;rties.  — Strychnine  occurs  “in  trimetric  prisms; 
colourless  and  inodorous ; very  sparingly  soluble  in  water, 
but  communicating  to  it  an  intensely  bitter  taste ; soluble 
in  150j)arts  of  cold  but  in  less  of  boiling  alcohol  (90  per 
cent.),  and  in  6 parts  of  chloroform  ; slightly  soluble  in  cold 
absolute  alcohol,  but  readily  in  40  parts  of  boiling  absolute 
alcohol,  and  nearly  insoluble  in  ether.”  It  forms  salts  with 
acids.  I'lie  sulphate  has  the  formula,  (C2jH22N20^).2H2S0^, 
5H.,0.  It  is  soluble  in  about  40  parts  of  water.  The  citrate 
(C2i"H22N202)2,CgHg07,  4H2O  (or  6H2O)  dissolves,  at  60°  F., 
in  about  40  parts  of  water  and  115  parts  of  alcohol.  4 he 
hydrochloride  (Sti-ijclmhue  Ilydrochloridum,  B.P.)  has  the 
formula  C2iH22N20'2,HCl,2H26,  and  is  soluble  in  35  parts  of 
water.  A number  of  crystalline,  well-defined  acids  have  been 
obtained  from  strychnine  by  oxidation. 

Analytical  Reactions  of  Strychnine. 

1.  Place  a very  small  fragment  of  strychnine  on  a white 
plate,  and  near  to  it  also  a small  i>iece  of  pota.ssium  bichiom- 
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ate ; to  each  add  one  drop  of  concentrated  sulphuric  acid  ; 
after  waiting  a minute  or  so  for  the  bichromate  to  fairly 
tinge  the  acid,  mix  the  two  drops  of  licpiid  by  means  of  a 
glass  rod ; a beautiful  purple  colour  is  produced,  quickly 
fading  into  a yellowish  red.  The  following  oxidizing  agents 
may  be  used  in  place  of  the  bichromate : — lead  peroxide, 
black  manganese  oxide,  potassium  ferricyanide,  or  potassium 
permanganate. 

This  reaction  is  highly  characteristic  and  delicate  ; a 
minute  fragment  of  strychnine  dissolved  in  much  dilute 
alcohol,  or,  better,  chloroform,  and  one  drop  of  the  solution 
evaporated  to  dryness  on  a porcelain  crucible-lid  or  plate, 
yields  a residue  which  immediately  gives  the  purple  colour 
on  being  oxidized  in  the  manner  directed. 

2.  Strychnine  evaporated  with  nitric  acid,  and  the  residue 
moistened  with  alcoholic  caustic  potash  and  again  evaporated, 
gives  a yellow  coloration,  passing  into  reddish  violet  on 
addition  of  more  caustic  potash,  and  becoming  yellow  again 
on  the  addition  of  water.  When  atropine  is  treated  in  the 
same  way  a violet  residue  is  obtained  which  becomes  colour- 
less on  adding  water. 

Other  Reactions. — Concentrated  sulphuric  acid  does  not 
act  on  strychnine,  even  at  the  temperature  of  boiling  water, 
a fact  of  which  advantage  is  taken  in  separating  strychnine 
from  other  organic  matter  for  the  purposes  of  toxicological 

analysis. Potassium  thiocyanate  produces,  even  in  dilute 

solutions  of  strychnine,  a white  precipitate,  which,  under  the 
microscope,  is  seen  to  consist  of  tufts  of  acicular  crystals. 

Concentrated  nitric  acid  does  not  colour  strychnine  in 

the  cold,  and  on  heating  only  turns  it  yellow. 

The  Phijsiological  Test. — A small  frog  placed  in  an  ounce 
of  water  to  which  of  a grain  of  strychnine  salt  (acetate) 
is  added,  is,  in  two  or  three  hours,  seized  with  tetanic  spasms 
on  the  slightest  touch,  and  dies  shortly  afterwards. 

Strychnine  has  an  intensely  bitter  taste.  Cold  water  dis- 
solves only  pfirt ; yet  this  solution,  even  when  largely 
diluted,  is  distinctly  bitter.  Alcohol  is  a somewhat  better 
solvent.  'I'he  salts  of  the  alkaloid  are  more  soluble.  The 
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official  solution  {Liquor  Stnjchnincv  ILi/clrochloridi,  B.P.)  contains 
1 per  cent,  of  strychnine  hydrochloridej  the  solvent  being 
three  parts  water  and  one  part  alcohol  (90  j)er  cent.). 

Brucine,  or  Brucia,  4H./),  is  an  alkaloid 

accompanying  strychnine  in  Nux  Vomica  and  St  Ignatius’s 
bean  to  the  extent  of  about  two  per  cent.  It  is  readily  dis- 
tinguished by  the  intense  red  colour  produced  when  nitric 
acid  is  added  to  it.  Igasurine,  once  sujiposed  to  be  a third 
alkaloid  of  nux  vomica,  has  been  shown  by  Shenstone  to  be 
only  a mixture  of  brucine  and  strychnine. 

Ciiranue,  C,f,HggN.g(),  the  active  principle  of  the  arrow- 
jKiison  termed  curari,  imiri,  onrari,  wourali,  or  woorara,  pre- 
))ared  from  a Slnjchnos,  resembles  stiyclinine  in  giving  a 
colour  re/iction  on  oxidation,  but  the  colour  is  more  permanent. 
Potassium  iodide  and  cyano]ilatinate  do  not  with  curarine 
afford  precipitates  which  crystallize  from  alcohol  like  those 
of  strychnine.  Curarine,  also,  is  readily  soluble  in  water. 
Unlike  strychnine,  curarine  is  reddened  by  sulphuric  acid; 
further  it  is  not  dissolved  out  by  ether  from  an  acid  or 
alkaline  liipiid.  ('umri  appears  to  vary  much  in  strength 
and  (juality.  It  is  probably  a mixture  of  vegetable  extracts. 
Cnrinc,  CjglljyNOg,  also  is  said  to  be  present. 

Dislinciion  of  Brucine  from  Morphine. — The  red  colora- 
tion jiroduced  by  the  action  of  nitric  acid  on  brucine  is  dis- 
tinguished from  that  yielded  with  morphine,  by  the  action 
of  reducing  agents  (such  as  stannous  chloride,  sodium  thio- 
sulphate or  hydrosulphide),  which  decolorize  the  morphine- 
red,  but  change  that  of  the  brucine  to  violet  and  green 
(Cotton).  The  solution  of  brucine  in  the  nitric  acid  should 
be  heated  to  the  boiling-point,  diluted  with  water,  and  the 
stannous  chloride  then  added. 


QUESTIONS  AND  EXERCISES 
What  alkaloids  are  more  or  less  characteristic  of  the  different 
varieties  of  cinchona  bark  ? In  what  form  do  they  occur  ? — By  what 
method  may  quinine  sulphate  be  obtained  ? — Give  the  chariicters  ot 
quinine  sulphate. — Describe  the  tests  for  quinine. — Show  how  quini- 
dine  or  cinchonine  sulphates  may  be  proved  to  be  present  m coni- 
mercial  quinine  sulphate. — How  are  cinclionine  and  quinine  distin- 
guished from  morphine?— Whence  is  strychnine  obtained ?— Describe 
the  process  for  the  isolation  of  .strychnine. — Give  the  characters  o 
strychnine.— Describe  the  tests  for  strychnine.— By  what  ’■‘‘’‘S'-'k 
brucine  distinguished  from  strychnine  ?— Distinguish  between  bl- 
and morphine. 
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ALKALOIDS  OF  LESS  FREQUENT 
OCCURRENCE 

Acalvphine  is  the  well-marked  alkaloid  of  Acalypha  herb 
(B.P.  Add.  1900)  or  Rupi,  an  expectorant  used  in  place  of 
senega. 

Aconitine,  Aconitina,  or  Aconitia,  is  an  alkaloid  obtained 
from  Aconite  {^Aconilmn  Napellus)  root  (^Aconiii  Radix,  11. P.). 
The  alkaloid  itself  is  only  slightly  soluble  in  water ; it 
occurs  in  the  plant  in  combination  with  a vegetable  acid, 
forming  a soluble  salt. 

Preparalion. — Dunstan’s  process  for  the  preparation  of 
aconitine  {^Aconitina,  B.P.)  consists  in  dissolving  out  the 
alkaloid  from  the  root  with  fusel  oil,  and  shaking  the  solu- 
tion with  sulphuric  acid,  which  takes  up  the  aconitine  ; the 
acid  is  then  freed  from  resin  by  shaking  with  chloroform, 
and  the  alkaloid  liberated  by  ammonia  in  the  presence  of 
ether,  which  dissolves  it  as  soon  as  it  is  liberated.  The  aconi- 
tine and  benzaconine  thus  obtained  are  converted  into  hydro- 
bromides, and  separated  by  fractional  ciystallization. 

Properties. — Aconitine  usually  occurs  as  a white  powder. 
It  has  been  obtained  and  studied  in  the  crystalline  state  by 
Groves,  Wright,  Williams,  and  others.  It  is  very  slightly 
soluble  in  cold  water,  more  so  in  hot,  and  much  more  soluble 
in  alcohol,  in  ether,  and  in  chloroform.  “ When  rubbed  on 
the  skin,  it  causes  a tingling  sensation,  followed  by  prolonged 
numbness.”  The  thousandth  part  of  a grain  on  the  tip  of 
the  tongue  produces,  after  a minute  or  so,  a characteristic 
tingling  sensation  and  numbness  ; larger  quantities  rubbed 
into  the  skin  cause  numbness.  Sulphuric  acid  turns  it  of  a 
yellowish  and,  afterwards,  dirty  violet  colour. 

According  to  Wright,  who  worked  in  conjunction  with 
Groves  and  Williams,  Acouilum  Napellus  yields,  chiefljq 
crystalline  acoiiilme,  C,,3lI^.jNOj^,  with  some  crystalline 
pseudacomline,  Dunstan  and  Umney  found,  in 

addition  to  aconitine  NO j.^,  Dunstan  and  Ince),  aconiue, 

and  an  amorphous  alkaloid,  mtpelline  or  isaconifiiie,  the  salts 
of  which  are  also  amorphous.  Aconitine  is  readily  hydro- 
lysed into  aconine,  G,,,Il3„N()„„  and  benzoic  acid  (Dunstan 
and  Passmore).  Aconine  is  jiliysiologically  inert ; heiizacoiiiiie, 

^ictive  but  is  not  a poison;  while 
acehjl-henzaconinc,  or  aconitine,  C.,,ll3-(Cl  l3C())  (G,;ll3C0)N0^3, 
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is  a most  powerful  poison.  The  constitution  of  aconine  is  not 
yet  known. 

Tlie  formula  for  aconitine  adopted  in  the  British  Pharma- 
copoeia is  C.^.jHj5NOjo  ; according  to  Freund,  aconitine  is 

C3,h.„no„.- 

1 he  tuberous  roots  of  Aconitum  Fcrox  and  other  species 
constitute  the  biah  or  hil;h  of  India  (Aconiti  Ferocis  Radix, 
P.I.).  It  chieHy  contains  the  variety  of  aconitine  termed 
pscudacomliiic.  Some  of  the  aconitine  of  pharmacy  is  pseud- 
aconitine. 

According  to  Paul  and  Kingzett,  the  alkaloid  of  Japanese 
aconite  has  tlie  formula  C.2pH,.,NO,|,  while  Wright  and  Menke 
state  that  the  formula  is  C3yHggN203j,  and  name  it  japaconi- 
tinc. 

Acouituvi  helerophplhim,  A Us,  or  A tees,  or  Wakhma  (^Aconili 
IIclcroj)hylli  Radix,  P.I.),  contains  no  aconitine,  but  an  alkaloid 
aleesine  having  the  formula  Cn.II.^_|N.^()^. 

Unguenium  Acoiiiliiin’,  B.P.,  is  made  by  dissolving  10  grains 
of  aconitine  in  oleic  acid,  and  incorporating  the  solution  with 
about  an  ounce  of  lard. 

Aristoi.ociiine,  an  alkaloid,  and  Arislo/ochin,  a substance 
having  the  physiological  j)ropcrties  of  aloin,  also  volatile  oil, 
are  obtained  from  some  of  the  species  of  Aristolochia.  The 
official  drugs  are  A.  Scrpeularia  or  Virginia  Snakeroot  (.Verpew- 
laria;  Rhizoma,  B.P.)  and  A.  Indica  (Arislulochia,  B.P.  Add. 
1900)  or  Isaminl  (Hind.). 

Asi'idosi’eumink,  C^gl-IgyN^O.^,  is  an  alkaloid  of  Qiadmicho 
bianco  bark  (Fraude^.  Another  alkaloid  is  (piebrachine, 
C„|H„gN.30g  (Hesse).  The  latter  chemist  has  isolated  four 
other”  closely  related  alkaloids;  also  two  from  Quebracho 
Colorado  bark. 

Atroi'ine,  or  Atroima,  C^yHggNOg  (^Alropina,  B.P.).  Hiis 
alkaloid  was  formerly  considered  to  exist  ready  formed  in 
the  Belladonna,  or  Deadly  Nightshade  (^Atropa  Belladonna^ 
(^Belladonna;  Folia  ; Belladonna;  Radix,  B.P.),  as  soluble  acid 
atropine  malate.  But  the  observations  of  Messrs  Schering 
and  the  researches  of  Will  indicate  that  it  is  not  atropine 
but  an  isomer  of  atropine,  namely  hyoscyaininc,  which  is  the 
alkaloid  chiefly  and  often  solely  present,  and  that  the  ( 
ment  with  alkali,  during  the  proeess  of  extraction,  convei  s 
the  hyoscyamine  into  atropine.  Hyoscj'aniine  sola  ion.s 
rotate  the  i)lane  of  polarization  of  light  to  the  left;  atropine 
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has  no  optical  rotatory  power.  Both  possess  the  property  of 
dilating  the  pupil  of  the  eye.  See  also  Hyoscyamine. 

Preparation. — Atropine  may  be  obtained  by  exhausting 
the  root  with  alcohol,  precipitating  the  acid  and  some 
colouring-matter  by  adding  lime,  filtering,  adding  sulphuric 
acid  to  form  atropine  sulphate  (which  is  somewhat  less  liable 
to  decomposition  during  subsequent  operations  than  the 
alkaloid  itself),  recovering  most  of  the  alcohol  by  distillation, 
adding  water  to  the  residue,  and  evapoi'ating  till  the  remain- 
ing alcohol  is  removed ; solution  of  potassium  carbonate  is 
then  jioured  in  till  the  liquid  is  nearly,  but  not  quite,  neutral, 
whereby  resinous  matter  is  precipitated  : the  latter  is  filtered 
off,  excess  of  potassium  carbonate  then  added,  and  the  liber- 
ated atropine  dissolved  out  by  shaking  the  liquid  with 
chloroform.  The  latter  solution,  having  subsided,  is  separ- 
ated, the  chloroform  recovered  by  distillation,  the  residual 
atropine  dissolved  in  warm  alcohol,  colouring-matter  removed 
by  digesting  the  liquid  with  animal  charcoal,  and  the  solution 
filtered,  evaporated,  and  set  aside  to  deposit  crystals. 

Atropine  is  sparingly  soluble  in  water,  the  liquid  having 
an  alkaline  reaction  It  is  more  soluble  in  alcohol  and 
ether. 

Tests. — With  chlorauric  acid,  atropine  solutions  yield  a 
yellow  precipitate.  One  drop  of  a dilute  aqueous  solution  of 
atropine  (two  grains  to  the  ounce)  powerfully  dilates  the 
pupil  of  the  eye. 

Bai-yta  water  decomposes  atropine  into  tropine,  CgHj^NO, 
and  tropic  acid,  C^HjyOg,  a molecule  of  water  being  absorbed  : 
CnH-^sNOg  + HgO  = CgH^gNO  + 

Hence  atropine  would  seem  to  be  the  tropine  ester  of  tro2>ic 
acid.  By  heating  trojnne  and  tropic  acid  in  sealed  tubes 
Ladenburg  has  succeeded  in  rejjroducing  atropine,  and  has 
thereby  rendered  i)ossible  the  synthesis  of  this  alkaloid  from 
its  elements.  Similarly  a number  of  new  alkaloids,  known 
as  Iropeincs  and  analogous  to  atrojnne,  have  been  obtained  by 
treating  tropine  with  other  acids.  One  of  these  is  ho7iia- 
Iropinc  {see  below)  which  is  the  tropine  ester  of  mandelic 
acid.  By  removing  the  elements  of  water  from  tropine, 
Ladenburg  obtains  tropidine,  CglligN,  closely  related  to 
eegonine  (p.  621)  and  anhydro-eegonine. 

Troinne,  when  neutralized  with  mandelic  acid,  and  the 
salt  so  formed  heated  with  hydrochloric  acid,  yields  homa- 
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tropine,  the  hydrobromide  of  which,  CjyH.,^N03,HBr,  is 
official  {Ilomatroinnoi  Hydrohromidum,  B.P.).  Discs  of  homa- 
tro|)ine  are  also  official  (^Lmnclla;  Homcdropinn;,  B.P.).  Homa- 
tropine  113’drobromide  is  a white  ciystalline  powder  or 
aggregation  of  minute  trimetric  crystals,  soluble  in  6 parts 
of  cold  water,  and  in  133  of  absolute  alcohol.  The  dilute 
a(]Ucous  solution  powerfully  dilates  the  pupil  of  the  eye.  A 
2 per  cent,  aqueous  solution  is  not  j)recipitated  by  the 
cautious  addition  of  solution  of  ammonia  j)reviously  diluted 
with  twice  its  volume  of  water  [distinction  from  atropine]. 
About  a tentli  of  a grain  moistened  with  two  minims  of  nitric 
acid  and  evajioratcd  to  dryness  on  the  water-bath  )delds  a 
residue  whicli  is  coloured  yellow  by  an  alcoholic  solution  of 
caustic  potash  [distinction  from  atropine,  hjmscine,  and 
hyoscyamine].  If  about  a tenth  of  a grain  be  dissolved  in  a 
little  water  and  tlie  solution  be  made  alkaline  with  ammonia 
and  shaken  with  chloroform,  the  separated  chloroform  will 
leave  on  evaporation  a residue  which  will  turn  yellow  and 
finally  brick-red  when  warmed  with  about  fifteen  minims  of 
a solution  of  two  grains  of  mercuric  chloride  in  a hundred 
minims  of  proof  sjiirit ; for  Gerrard,  Schweissinger,  and 
h'hickigcr  have  observed  that  homatropine  (Ladenburg’s 
oxytoluyltropeine,  which  is  a phj^siologically  similar  but  less 
jiowcrful  and  therefore  sometimes  more  useful  alkaloid  than 
atropine),  like  hyoscyamine  and  atropine,  has  unusually 
powerful  alkaline  properties,  precijiitating  mercuric  oxide 
from  mercuric  solutions,  reddening  phenolphthalein,  and, 
with  the  aid  of  heat,  blackening  calomel.  No  other  ordinary 
alkaloids  are  so  powerfully  alkaline. 

In  the  so-called  Japanese  belladonna  (Scopola  Japoidcd) 
there  occurs  xcopoleine,  an  alkaloid  resembling,  but  more 
powerful  than,  atropine  (Eykinan) ; but  Schmidt  considers 
that  only  atropine,  hyoscyamine  and  hyoscine  are  present. 
See  p.  G25. 

Preparations. — The  alkaloid  itself  ; its  sulphate 

(^Alropiiue  Stdpha.s),  a colourless  powder  soluble  in  water  (made 
by  neutralizing  atropine  with  sulphuric  acid);  discs  {Lamella’, 
Alropina’),  each  containing  atropine  sulj)hate 

(aj)plied  l)y  placing  between  the  eyelid  and  the  eye) ; ‘‘i 
solution  {Liquor  Alropina;  Snlphalis,  1 per  cent.);  and  an 
ointment  {IJnguenliini  Alropina;,  nearly  10  grains  per  ounce), 
are  official  in  the  British  Bharmacopiria. 
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Exlrndum  Bcllmlonmt;  Liquidum,  B.P.,  is  obtained  from 
belladonna  root,  and  is  standardized  to  contain  0-75  per  cent, 
of  total  alkaloid.  Exlractmn  BcHadonme  Alcoholicum  and 
Kxlmcium  Bclladonnce  Viride  are  also  official. 

The  fluorescence  of  alkaline  solutions  of  extract  of  bella- 
donna is  caused  by  chrijsatropic  acid  (Kunz),  which  appears 
to  be  identical  with  the  fluorescent  scopolelin,  CjyHgOy  found 
in  Japanese  belladonna  by  Eykman. 

Baptitoxine. — Schroeder  gives  this  name  to  a poisonous 
alkaloid  in  Bapiisia  tinctona,  wild  indigo,  in  which  he  also 
finds  the  glucosides  baptisin  and  haplin. 

Beberine,  Bebirine,  or  Bibirine,  CjgH2^NOg,  is  an 
alkaloid  in  the  bark  of  Bebeeru,  or  Bibiru  (Ncctandra 
Rodi(Vi). 

Beberine  sulphate,  (CjgH^iNOg).,,  H.,SO^,  may  be  prejiared 
by  exhausting  the  bark  with  water  acidulated  with  sulphuric 
acid,  concentrating,  removing  most  of  the  acid  by  adding 
lime,  filtering,  precipitating  the  alkaloid  with  ammonia, 
filtering,  drying,  dissolving  in  alcohol  (in  which  some 
accompanpng  matters  are  insoluble),  recovering  most  of  the 
alcohol  by  distillation,  neutralizing  with  dilute  sulphuric  acid, 
evapoi'ating  to  dryness,  dissolving  the  residual  sulphate  in 
water,  evaporating  to  the  consistence  of  a syruj),  spreading 
on  glass  plates,  and  drying  the  product  at  140°  F.  (60°  C.). 
Thus  obtained,  it  occurs  in  dark-brown  translucent  scales, 
yellow  when  powdered,  strongly  bitter,  soluble  in  water  and 
in  alcohol.  It  is  probably  a mixture  of  beberine  sulphate, 
nectandrine  sulphate,  and  other  alkaloidal  sulphates. 

Texts. — Alkalies  give  a pale-yellow  precipitate  of  beberine 
when  added  to  an  aqueous  solution  of  a salt  of  the  alkaloid  ; 
the  precipitate  is  soluble  in  ether.  With  potassium  bichrom- 
ate and  sulphuric  acid,  beberine  gives  a black  resin,  and 
with  nitric  acid  a yellow  resin. 

Buxine,  from  the  bark  of  Bimus  sernperinrens ; pelosine, 
or  clssampeline,  from  the  dried  root  {^Pareine  Radix,  B.P.)  of 
(’liondrodendron  tomenlosnm  and  of  Cisxampelos  Pareira 
{('issanipe/os,  B.P.  Add.  1900);  and  paricine,  from  a false 
Para  cinchona-bark,  are  probably  identical  with  beberine 
(Fliickiger). 

hectandrine  (C,„lI||.N.20g,  III.^O). — Maclagan  and  Gamgee 
discovered  this  alkaloid  in  Bebeeru-wood.  It  dilfcrs  from 
beberine  in  fusing  when  placed  in  boiling  water,  in  being 
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much  less  soluble  in  ether,  cand  in  giving  with  concentrated  sul- 
phuric acid  and  black  manganese  oxide  a beautiful  green  and 
then  a violet  coloration.  They  considered  that  two  other 
alkaloids  exist  in  Bebeeru-wood. 

Beuberine,  C^qHj-NO,,  is  an  alkaloid  existing  in  several 
plants  of  the  natural  order  BerheridaceK  (three  species  yield 
Indian  Barberry,  Berberis  Cortex,  P.I.,  one,  B.  aristata,  afford- 
ing the  dried  stem  termed  Berberis  in  the  B.P.  Add.  1900), 
in  Calumba-root  {Calinnba;  Radix,  B.P.),  in  the  root  of  Coplis 
Teeta  or  Mishmi  Bitter  (Coptidis  Radix,  P.I.),  an  Indian  tonic, 
in  tlie  dried  stem  of  Coscinium  fenestratnm  {Coseinium,  B.P. 
y\dd.  1900),  and  in  many  other  yellow  woods.  Hydrastis  Cana- 
densis or  Golden  Seal,  contains  berberine,  though  a second 
alkaloid,  hydrastine,  related  to  narcotine  and  to  papaverine,  and 
even  a third,  are  said  to  be  present,  all,  in  Perkin’s  opinion, 
benzene  derivatives  of  iso-(|uinoline.  Hydrastine  acid  tartrate, 
Cl,jH„|NO|.,  C,M,.()|.,4II.,(),  has  been  obtained  in  the  crystal- 
line form.  The  dried  rhizome  and  rootlets  are  official, 
Hydrastis  Rlikoma,  B.P.,  and  these  are  the  source  of  the  Bx- 
traetum.  Hydrastis  Liqnidum,  B.P.,  and  Tinetura  Hydrastis,  B.P. 
'I’he  root  of  Bei'beris  m/gaiis  contains  berberine  and  oxyaean- 
tliine,  C,yM.,,NO(,,  (Hiidel),  as  well  as  berbamine,  C,,H,,N03, 
(Hesse).  Xanthorrhiza  apiil’olia,  an  old  American  tonic,  and, 
ap])arently,  Xantlioxylon  Fraxineinn,  or  Prickly  Ash,  also  con- 
tain berberine.  'I’he  rhizome  of  Menispernium  Canadense, 
Yellow  Barilla,  or  Canadian  Moonseed,  contains,  according  to 
Maisch,  a colourless  alkaloid  as  well  as  berberine.  The 
colour  of  the  tissues  of  these  plants  is  apparently  due  to  ber- 
berine ; for  the  alkaloid  itself  is  remarkable  for  its  beautiful 
yellow  colour. 

Breparalion. — Berberine  is  readily  extracted  by  boiling 
the  raw  material  with  water,  evapoi’ating  the  strained  liejuid 
to  a soft  extract,  digesting  the  residue  in  alcohol,  recovering 
the  alcohol  by  distillation,  boiling  the  residue  with  dilute 
sulphuric  acid,  filtering  and  setting  aside ; berberine  acid 
sulphate,  C.^^Hj^NO^,  H^SO^,  which  is  sparingly  soluble, 
separates  out  and  may  be  purified  by  recrystallization  froin 
hot  water.  'I'he  alkaloid  itself  is  obtained  by  shaking  lead 
hydroxide  with  a hot  atpieous  solution  of  berberine  acid  sul- 
phate (Procter). 

'I'csts. — When  a dilute  solution  of  iodine  and  potassium 
iodide  is  added  to  a solution  of  any  salt  of  berberine  in  lo 
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alcohol,  large  excess  of  iodine  being  carefully  avoided> 
brilliant  green  spangles  of  a periodide,  are 

deposited.  The  reaction  is  sufficiently  delicate  to  form, 
according  to  Perrins,  an  excellent  test  for  the  presence  of 
berbeidne.  This  iodo-cora pound  polarizes  light,  and  has  other 
analogies  with  herapathite. 

Berberine  itself  is  not  official,  but  plants  in  which  it 
occurs  are  used  as  medicinal  agents  in  all  parts  of  the  world. 

Caffeine,  or  Theine,  or  Guaranine  (Methyl-theobromine) 
(Caffeina,  B.P.),  H^O. — This  alkaloid  occurs  in 

Tea,  2 to  4’5  per  cent. ; Coffee,  1’2  per  cent.  ; Mate  or  Para- 
guay Tea,  0 2 to  2 per  cent.  ; Guarana,  5 per  cent. ; and  the 
Kola-nut,  0‘5  per  cent.  Infusions  and  preparations  of  these 
vegetable  products  are  used,  chiefly  as  bevei’ages,  by  three- 
fourths  of  the  human  race.  It  is  remarkable  that  the  instinct 
of  man,  even  in  his  savage  state,  should  have  led  him  to 
select,  as  the  basis  of  beverages  in  such  common  use,  just  the 
four  or  five  plants  which  out  of  many  thousands  are  the  only 
ones,  so  far  as  we  know,  containing  caffeine. 

Caffeine  is  volatile.  Considerable  quantities  may  be  col- 
lected by  condensing  the  vapours  evolved  during  the  roasting 
of  coffee  on  the  large  scale.  A decoction  of  tea,  from  which 
astringent  and  colouring-matters  have  been  precipitated  by 
solution  of  lead  subacetate,  and  which  has  then  been  acidu- 
lated with  sulphuric  acid  and  well  washed  with  chloroform, 
the  latter  fluid  evaporated,  and  the  residue  dried  at  100°  C., 
yields  an  average  of  a little  over  3 per  cent,  (of  the  tea)  of 
anhydrous  caffeine.  It  may  be  crj'stallized  from  alcohol  or 
by  sublimation.  It  forms  salts  with  acids  {Caffeime  Cilras, 
B.P.,  CgHjyN\jO^,  CgHgOy) ; they  are  decomposed  by  water. 

CaJfevKC  Cilran  KJfervcsccns,  B.P.,  is  made  by  mixing 
caffeine  citrate  with  tartaric  and  citric  acids,  sodium  bicar- 
bonate, and  sugar,  heating  and  stirring  until  the  mixture 
assumes  a granular  character. 

'I'cst. — Concentrated  nitric  acid,  or,  better,  a mixture  of 
potassium  chlorate  and  hydrochloric  acid,  rapidly  oxidizes 
caffeine,  forming  compounds  wliich  with  ammonia  yield  a 
beautiful  juirple-red  colour,  resembling  the  murexid  obtained 
under  similar  circumstances  from  uric  acid  ; the  oxidation 
must  not  be  carried  too  far.  Caffeine  boiled  witli  caustic 
potash  yields  methylamine. 
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The  main  phijsiological  action  of  caffeine  on  the  system  is  a 
stimulating  one  especially  affecting  heart-muscle. 

The  commercial  value  of  tea  depends  upon  its  appearance 
and  on  the  flavour  and  odour  of  the  infusion,  the  percentage 
of  caffeine  not  varying  mucli.  China  tea  contains  rather  less 
caffeine  and  much  less  astringent  matter  than  tea  from 
Ceylon  or  India.  Tea  infused  in  boiling  water  for  five  minutes 
yields  .somewhat  more  than  half  its  caffeine  to  the  fluid. 

Graphic  formula  for  Caffeine. — See  p.  630. 

Cai'sicink. — Felletar  obtained  from  Capsicum-fruit  (^Capsid 
Frucln.i,  B.P.),  which  when  ground  forms  Cayenne  Pepper,  a 
volatile  alkaloid  having  the  smell  of  conine.  Thresh  has 
obtained  crystalline  hydrochloride  and  sulphate.  I'he  latter 
chemist  has  also  .succeeded  in  isolating  the  active  principle  of 
capsicum,  which  he  has  termed  cap.s-aicin,  Cj,H^^O,„  a crystal- 
line non-alkaloidal  exce.ssively  acrid  substance.  Its  exact 
chemical  character  is  not  yet  made  out,  but  Micko  regards  it 
as  a nitrogen  compound  possessing  a slightly  acid  phenolic 
character  and  gives  it  the  formula  CjgH^yNO.^.  According  to 
'I’liresh  a similar  very  pungent  principle  occurs  in  ginger 
(gingerol)  and  in  grains  of  paradise  (paradol),  bodies  prob- 
ably isomeric  with  capsaicin.  (See  also  Cap.siein,  p.  553.) 

Caiii’aink,  Cj  iH.jjNO.,,  occurs  in  Cariea  papai/a. 

(.!Ki*inKLiNE,  is  an  alkaloid  found  in  the  root  of 

Ccpiaelix  Ipecacuanha;  about  one-third  of  the  total  alkaloid 
in  the  I’oot  is  cephaeline,  the  remainder  being  principally 
emetine  (a  third  alkaloid  is  present  in  small  quantity). 
CejihaLdine  is  not  ecjual  to  emetine  as  an  expectorant,  but  is 
su])erior  as  an  emetic  ; it  is  rapidly  decomposed  when  boiled 
with  alcohol.  See  also  Emetine. 

Cocaine,  C,-H2jNO_j,  is  an  alkaloid  of  Krylhroxijlon  Coca, 
the  leaves  of  which  (Oocce  Folia,  B.P.)  act  powerfully  as  a 
restorative  to  the  human  system.  The  alkaloid  itself  and  its 
hydrochloride  are  both  official  (Coeaina,  B.P.,  and  Cocaina; 
litjdroch/oridum,  B.P.) ; also  a 10  jier  cent,  solution  of  tlie 
latter  (Injcctio  Cocaina;  Ilypodermica,  B.P.),  jireserved  by  aid 
of  salicylic  acid;  discs  (Lamella-  Cocaina-,  B.P.),  each  cont.ain- 
ing  grain;  a lozenge  ('Frochixeus  Krameria;  el  Cocavuc, 
B.P.)^  and  an  ointment  (Uuguentum  Cocaina-,  B.P.).  Cocaine 
and  its  salts  may  be  prepared  by  agitating  with  ])etrolcinn 
spirit  a concentrated,  acidulated,  aijueous  extract  of  the  leaves 
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made  alkaline  with  sodium  carbonate,  well  shaking  the 
separated  spirit  with  acidulated  water,  treating  the  separated 
acid  liquid  witli  ether  and  excess  of  sodium  carbonate,  wash- 
ing out  the  alkaloid  from  the  ether  with  water  containing 
hydrochloric  acid,  and  finally  evaporating  the  resulting- 
aqueous  solution  of  the  hydrochloride  to  the  crystallizing 
point.  Cocaine  may  be  precipitated  with  ammonia  and 
recrj'stallized  from  alcohol,  ether,  or  warm  benzene.  It 
melts  at  204-8°  to  208-4°  F.  (96°  to  98°  C.).  From  this  pure 
cocaine  the  pure  and  very  soluble  hydrochloride  may  be 
prepared  by  neutralizing  with  hydrochloric  acid  and 
crystallizing. 

Prolonged  contact  of  cocaine  with  hot  water,  acids, 
alkalies,  or  even  alcohol,  is  undesirable,  as  cocaine  readily 
breaks  up  into  benzoyl  - ecgonine,  and  methyl  alcohol, 
Cj^Ho^NO^  + H.,0  = CjgHjpNO^ -h  CHgOH,  benzoyl -ecgonine 
afterwards  yielding  ecgonine  and  benzoic  acid,  CjgH^gNO^-t 
H.,0  = CgHjjjNOg  + C-HgO.,.  Other  bases  occur  in  coca 
besides  cocaine.  Paul  and  Cownley,  also  Giesel,  find  cin- 
namyl-cocaine.  Hesse  finds  two  amorphous  bases  which  he 
names  cocamine  and  cocaidine.  Liebermann  finds  several  bases, 
one  of  which  is  poisonous,  namely,  isalropyl-cocame,  CjgH.,gNO^ 
(identical  with  Hesse’s  cocamine),  containing  an  isatropyl 
group  in  place  of  the  benzoyl  group  in  ordinary  cocaine.  All 
these  bases  are  easily  hydrolyzed,  yielding  ecgonine ; the 
latter  with  benzoic  anhydride  yields  benzoyl-ecgonine ; and 
this  with  methyl  iodide,  yields  benzoyl-methyl  ecgonine,  or 
ordinary  cocaine.  A series  of  “cocaines”  can  be  produced 
by  introducing  other  groups  into  ecgonine  instead  of  the 
benzoyl  groups. 

Another  alkaloid  (benzoyl-pseudo-tropeine),  yielding  in- 
stead of  ecgonine  a compound  isomeric  with  trojiine,  also 
occurs  in  coca  (Giesel ; Liebermann). 

Cocaine  hydrochloride  occurs  in  colourless  acicular  crystals 
soluble  in  water,  chloroform,  alcohol,  amyl  alcohol  ; very 
slightly  in  ether ; not  readily  decomposed  even  when  boiled 
in  water.  'I'he  free  alkaloid  is  readily  decomposed  by  water, 
especially  when  the  solution  is  warmed.  The  solution  in 
water  has  a bitter  taste ; gives  a purple  precipitate  with 
permanganates ; and  a white  precipitate  with  ammonia. 
Its  solution  produces  on  the  tongue  a tingling  sensation, 
followed  by  numbness.  'Phe  aqueous  solution  dilates  the 
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pupil  of  the  ej^e.  It  gives  no  colour  to  cold  concentrated  acids, 
but  chars  with  hot  sulphuric  acid.  Evaporated  to  dryness 
on  a water-bath  with  nitric  acid,  and  treated  with  alcoholic 
potash,  it  develojxs  an  odour  resembling  peppermint.  Besides 
its  action  as  a restorative  when  taken  internally,  cocaine 
brought  into  contact  with  the  mucous  membrane  of  the 
eye,  mouth,  throat,  etc.,  or  when  injected,  produces  local 
anaisthesia.  According  to  Squibb,  good  coca  leaves  yield 
0‘5  percent,  of  cocaine.  Cocaine  may  be  detected  in  presence 
of  other  alkaloids  by  giving  a yellow  precipitate  of  cocaine 
chromate  with  either  potassium  chromate  or  chromic  acid  ?’« 
])rcsencc  qfjrec  In/droc/i/oric  acid. 

Coi.ciiiciNK,  the  active  principle  of  Colchicum  aulnmnale 
(Colcliici  Conans,  B.l’. ; Co/cliici  Semiaa,  B.P.),  is  said  to  be  an 
alkaloid,  though  some  investigators  think  it  has  more  of  the 
characters  of  a neutral  substance.  Hertel  states  that  ebulli- 
tion with  acidulated  water  converts  it  into  colchiccine  and 
methyl  alcohol.  Zeiscl  says  it  may  be  crystallized  from  chloro- 
form, and  offers  the  following  formulic  for  it  and  its  deriva- 
tive; colchicine,  CjjjII„,^(OCl  l.,)NOr,;  colchiccine,  C.,jH2.2(OH)NOj;. 
The  most  active  medicinal  preparation  is  an  extract  made 
from  the  Jresh  seeds  by  digestion  in  large  volumes  of  alcohol 
(of  at  least  90  i)cr  cent.)  and  subsequent  digestion  of  the 
marc  in  hot  water.  The  extracts  left  on  evaporating  the 
two  liquids  separately  are  to  be  carefully  mixed  (Mols). 

CoNiNE,  Coni  A,  Conylia,  Conicine,  or  Cicutine,  CgH,jN, 
a-nojonal-pi-oja/l-pipeiidme,  Cr,H,QN(C3H^).  This  alkaloid  is  a 
volatile  liquid,  occurring  in  Hemlock  {('onium  macnlatnm)  in 
combination  with  an  acid  (malic  .?).  It  is  not  official.  Accord- 
ing to  Petit  its  boiling-point  is  170°  C.,  and  its  density  0'846. 
It  forms  crystalline  salts. 

P repara  lion.— Conine  may  be  obtained  by  distilling  hem- 
lock-fruit {Conii  Fructus,  13. P.)  with  water  rendered  slightly 
alkaline  with  caustic  soda  or  potash,  or  by  similarly  treating 
the  fresh  juice  of  the  leaves.  The  crude  alkaloid  is  a yellow 
oily  liquid,  floating  on  the  water  that  distils  over ; by  redis- 
tillation it  is  obtained  colourless  and  transparent.  Hemlock- 
leaves  (Co7iii  Folia,  B.P.)  are  official. 

The  salts  of  conine  are  odourless,  but  when  moistened  with 
solution  of  an  alkali  yield  the  alkaloid,  the  strong  odour  ot 
which,  at  once  recalling  hemlock,  is  characteristic. 
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Tests. — Sulphuric  acid  turns  conine  purplish  red,  changing 
to  olive-green  ; nitric  acid  a blood-red ; chlorauric  acid  pro- 
duces a yellowish-white  precipitate,  chloroplatinic  acid  no 
precipitate  in  aqueous  solutions. 

Hemlock  also  contains  methyl  conine,  (CgHj^;)CHgN 
(Kekule  and  Von  Planta),  and  conhydrine,  CgHj.^NO.  The 
latter  by  dehydration  yields  a base,  CgHj^N. 

According  to  SchifF,  conine,  isomeric,  at  least,  with  the 
natural  alkaloid,  may  be  produced  artificially  by  action  of 
ammonia  on  butyric  aldehyde  and  destructive  distillation  of 
the  resulting  compound.  Ladenburg  has  produced  conine, 
identical  with  the  natural  alkaloid,  from  a-picoline.  Conine 
may  now  therefore  be  said  to  be  a product  of  organic  syn- 
thesis, producible  from  its  elements. 

Corydaline,  C.,.,H.,^N0^,  occurs  together  with  several  other 
alkaloids  in  the  tubers  of  Corydalis  cava,  in  which  it  was  dis- 
covered by  Wackenroder  in  1826.  It  forms  colourless  pris- 
matic crystals  which  are  practically  insoluble  in  cold  water, 
readily  soluble  in  ether  and  chloroform,  and  sparingly  soluble 
in  alcohol.  The  crystals  melt  at  134’5°  C.  Both  crystals  and 
solutions  quickly  assume  a yellow  colour  on  exposure  to  light 
or  on  heating.  The  alkaloid  forms  a number  of  salts,  some 
of  which  crystallize  well. 

CusPARiNE,  CgyHjgNOg,  wlth  cusparidine,  CjgHj.^NOg,  and 
galipine,  C2oH2^NOg,  are  alkaloids  occurring  in  the  bark  of 
Galipea  cusparia,  or  true  Angostura  Bark  \Cusparia;  Cortex, 
B.P.).  The  bitter  principle,  angosturin,  is  not  an  alkaloid. 

Cytisine  or  Ulexine,  CjgHj^NgO,  is  an  alkaloid  found  in 
laburnum  and  furze,  and  is  identical  with  sophorine,  from 
Sophora  lomentosa. 

Daturine. — See  Hyoscyamine. 

Deli’hine,  or  Delphinine  and  Delphinoidine  are  the 
poisonous  alkaloids  of  Stavesacre  {Delphinium  Slaphisagria'). 
The  powdered  seeds  of  the  plant  are  employed  to  kill  the 
pcdiadi  of  animals.  The  seeds  {Slaphisagria’  Se7ni?ia,  B.P.) 
contain  about  25  per  cent,  of  oil.  Unguentum  Slaphisa<rria 
B.P.,  contains  about  5 per  cent,  of  the  oil. 

Ditamine,  CjgHigNOg  (Jobst  and  Hesse),  is  an  alkaloid 
of  Dita,  or  bark  of  Echites  scholaris  or  Alstonia  scholaris 
{Alslonia,  B.P.  Add.  1900;  Alstonia  Cortex,  P.I.,  or  Chattian 
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— Hind.),  a reputed  febrifuge.  Others  are  echiUmine  or 
dilaine  and  cchilcnine.  Oberlin  and  Schlagdenhauffen  state 
that  the  allied  Alstonia  coiistricfa  (the  bark  of  which  is  said 
to  have  advantages  over  the  hop  as  a dietetic  bitter)  contains 
a crystalline  alkaloid,  alstoninc  and  uncrystallizable  alsloiiicine. 
Alstonine  seems  to  be  allied  to  strychnine. 

DunorsiNE. — Sec  Hyoscyamine. 

Emetine,  — 'l  liis  alkaloid  is  one  of  the  active 

principles  of  the  root  of  Psi/cholria  Ipecacuanha  (^Ipecacuanha; 
Radix,  B.P.).  It  occurs  to  the  extent  of  1 to  2 per  cent,  in 
tlie  root  (less  in  the  stems)  in  combination  with  ipecacuanhic 
acid.  The  nitrate  is  peculiarly  slightly  soluble  in  water 
(Lefort).  In  Puhns  Ipecacuanha;  Compoxilus,  B.P.,  or  Dover’s 
Powder  (I’owdered  Ipecacuanha,  1 part;  Powdered  Opium, 
1 jiart ; and  Potassium  Sulphate,  8 parts),  minute  division  of 
the  active  ingredients  is  jiromoted  by  prolonged  trituration 
with  the  ])otassium  sulphate,  which  is  a very  hard  salt.  In 
the  U.S.  Pharmacopoeia  milk  sugar  is  the  diluent.  Liquid 
J'lxtraet  of  I jiecacuanha  (^Kxlraclum  Ipecacuanha;  Lujuulum,  B. P.), 
contains  2 to  2\  grains  of  the  alkaloids  of  the  root  in  110 
minims.  Ipecacuanha  Jl'ine  (^Vinum  Ipecacuanha;,  B.P.)  is  a 
mixture  of  1 jiart  by  volume  of  Licjuid  Extract  of  Ipecacuanha 
with  19  of  sherry.  Acetum  Ipecacuanha’,  B.P.,  is  a mixture  of 
1 part  by  volume  of  the  Liquid  Extract  with  2 of  alcohol  (90 
per  cent.)  and  17  of  dilute  acetic  acid.  Cephadine  (^  per 
cent,  in  Brazilian  and  1]  per  cent,  in  Columbian,  according 
to  Paul  and  Cownley)  and  small  quantities  of  a third  alkaloid, 
are  also  found  in  ipecacuanha. 

The  Indian  substitute  for  ipecacuanha  is  the  dried  leaf 
(^Pylophora:  Folia,  B.P.  Add.  1900,  and  P.I.)  of  Tylophora 
axihmalica.  Its  active  principle  has  not  been  satisfactorily 
determined,  but  would  seem  to  be  the  alkaloid  iylophonne 
(Hooper). 

Gelsemine,  C2oH3gN204. — This  is  one  of  the  alkaloids  of 
Gelxcmium  nilidum,  or  Carolina  Yellow  Jasmine  (^Gelxenih 
Radix,  B.P.),  in  the  tissues  of  which  plant  the  geixemime 
acid  of  Wormley,  and  eexetdin,  C^r,Hi,;Oj,,  the  fluorescent 
glucoside  of  the  Horse  Chestnut  and  of  many  other  jilants, 
are  also  present.  Like  strychnine,  gelsemine  is  not  apjiarently 
affected  by  concentrated  sulphuric  acid.  Nitric  acid  does  no 
colour  it.  A mixture  of  sulphuric  acid  and  black  manganese 
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oxide  colours  it  a crimson  red,  changing  to  green.  In 
Gelsemium  elcgans,  Crow  finds  an  allied  alkaloid  which  does 
not  resist  the  action  of  sulphuric  acid.  Gelseminine, 
is  another  Gelsemium  alkaloid,  said  to  be  more  powerful  than 
gelsemine. 

Grindei.ine  is  the  name  given  by  Fischer  to  a bitter 
crj'stalline  alkaloid  he  extracted  from  Grindelia  (rolnista), 
U.S.P.  [Grindelia,  B.P.  Add.  1900,  from  G.  squarrosa  and  G. 
robusfa.)  The  plant  also  contains  a resin  and  a volatile  oil. 

Homatropine. — See  Atropine. 

Hydrastine. — See  Berberine. 

Hyoscine  or  Scopolamine. — Besides  hyoscyamine.  Laden- 
burg  finds  in  henbane  some  hyoscine,  identical 

with  scopolamine  from  Scopola  atrojmdes  and  S.  carniolica. 
Hyoscine  hydrobromide  is  official  (Hyoscinte  Hydrohromi- 
dum,  B.P.). 

Hyoscyamine,  C^^H.jgNOg,  occurs  in  the  leaves  [Hyoscij- 
ami  Folia,  B.P.),  and  other  parts  of  Henbane  (Hyoscyamus 
niger).  Belladonna,  Stramonium,  and  various  species  of 
Scopola  ; also  (Dymond)  in  Lettuce.  It  forms  brilliant 
colourless  needles.  Its  salts  also  are  crystalline.  Its  effect 
on  the  eye  is  similar  to  that  of  atropine.  The  researches  of 
Ladenburg  show  that  hyoscyamine  is  the  tropate  of  an 
alkaloid  isomeric  with  tropine.  The  sulphate  is  official 
[Ifijosajamince  Sulphas,  B.P.).  [See  Atropine.) 

The  alkaloids  in  Datura  Stramonium,  or  Thornapple 
[Slramonii  Folia,  B.P.,  and  Slramonii  Semina,  B.P.),  Dhatura 
[Datura  alba;  Daliine  Folia  et  Semina,  P.I.),  the  leaves  of 
Datura  J'astuosn  and  D.  Metel  [Daturce  Folia,  B.P.  Add.  1900), 
and  the  seeds  of  Datura  fastuosa  [Daturce  Semina,  B.P.  Add. 
1900),  and  in  Duboisia  Myoporoides,  were  formerly  supposed 
to  be  distinct  alkaloids,  called  respectively  Daturine  and 
Duboisine,  but  are  identical  with  hyoscyamine,  which  is 
isomeric  with  atropine  (Ladenburg).  According  to  Schmidt, 
the  alkaloid  of  Duboisia  myoporoides  is  sometimes  hyoscya- 
mine and  sometimes  hyoscine  or  scopolamine.  Pseudohyos- 
cyamine,  C^^H^gNO^,  also  occurs  in  the  latter  plant.  Bees 
which  sip  from  the  flowers  of  stramonium  are  said  to  deposit 
poisonous  honey. 

Hyoscyamine  melts  when  heated  to  between  108°  and  109° 
C.,  and  then  is  soon  converted  into  atropine.  Its  solutions  in 
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alcohol  or  ether  are  stable,  but  the  presence  of  a very  minute 
amount  of  fixed  caustic  alkali,  or  of  alkali-metal  carbonate, 
causes  its  complete  conversion  into  atropine.  With  chlorauric 
acid  its  salts  give  a yellow  crystalline  preci2iitate,  soluble  in 
boiling  water  acidulated  with  hydrochloric  acid,  and  again 
deposited,  as  the  solution  cools,  in  brilliant,  golden-yellow 
scales. 

jAHoHANniNE  aiul  Jahouine. — Sec  Pilocarpine. 

Jervine,  occurs  in  Vcratnmi  aUmm,  White 

Hellebore,  and  P.  viridc,*  American  White  Hellebore.  Its 
salts  arc  much  less  soluble  in  water  than  those  of  veratrine. 
According  to  Bullock,  Ycmlruvi  viridc  contains  another  alka- 
loid— vc.ralroidinc  ; and,  according  to  Mitchell,  Vendrum  album 
also  contains  another  alkaloid  which  he  terms  vcralralhine. 
'rohicn  gives  the  formula  of  Jervine  as  C„-H  J.J.N2OJ,,  and  of 
veratroidine  as  C^,,hLgN.J),,;,  or  C.^^Hg^NO-.  yVccording  to 
VN'right,  i'cralrimi  contains  jervine,  Cg^Hg^NOg  ; pseudo- 

jervinc,  Cg,jH,|gN07;  ruhijervine,  Cg,.H,,gNO„;  veratralhine, 
C„gH,,.,N()r, ; and  traces  of  veratrine,  CgYpIggNOj^.  The 
same  author  finds  l^eralriim  viridc  to  contain  jervine,  jisendo- 
jervine,  cevadine,  CggH^NO,,,  ruhijervine  and  traces  of 
veratrine  and  vcratralliine.  Pchkschen  finds  jervine, 
pseudojervine,  and  veratroidine,  while  Salzberger,  besides 
jervine,  ruhijervine,  and  pseudojervine,  finds  jirotoveratrine, 
CggHr,iNC)n,  and  protoveratridine,  CggH^gNOg.  Salzberger 
confirms  Wright  and  Luff”s  formula  for  jervine. 

Lorei.ine. — A volatile  fluid  alkaloid  first  isolated  from  the 
dried  flowering  herb  Lobelia  infhda  (^Lobelia,  B.P.)  by  Procter. 
In  the  juire  state  it  is  inodorous,  impure  it  smells  sliglitly, 
but  mixed  with  ammonia  emits  a strong  and  eharacteristic 
smell  of  the  jilant.  With  acids  it  forms  salts.  A .solid 
alkaloid  also  is  said  to  be  jiresent. 

Lupuline  is  stated  by  Greismayer  to  be  a liquid  volatile 
alkaloid  contained  in  the  Hop,  Ilumulus  Lujndus  (^Lnpulus, 

B.P.). 

Nectandrine. — See  Beberine. 

Nicotine,  This  is  a volatile  liquid  alkaloid, 

forming  the  powerful  active  princiiile  of  'J'ohacco  (Meoltnua 

* The  name  Gree,n  JMlehore  is  sometimes  applied  to  this  drugjmt 
properly  belongs  to  Jhllnhorm  viridin  (sfic,  “ 1 lelleborin  p-  >'  h 
which  is  used  medicinally  in  some  parts  of  Europe.— Jlan'atrj/. 
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Tab(icuni),  nicotine  malate  and  citrate  being  the  forms  in 
whicli  it  occurs  in  the  leaf.  Its  odour  is  characteristic  ; like 
conine,  it  yields  a precipitate  with  chlorauric  acid,  but, 
unlike  that  alkaloid,  its  acjueous  solutions  yield  a yellowish 
white^precipitate  with  chloroplatinic  acid.  It  is  not  official. 
It  is  also  contained  in  Pifiiri,  a drug  “ chewed  by  the  natives 
of  some  parts  of  Australia  as  a stimulant  narcotic,”  though, 
according  to  Liversedge,  the  latter  alkaloid  may  have  the 
formula  C 

Physostigmine,  or  Eserine  (from  Eserc,  the  name  of  the 
ordeal  poison  of  the  bean  at  Calabar),  Cj5H2jNg02. — An 
alkaloid  of  melting-point  106°  C.,  obtained  from  the  Calabar 
Bean  (P/ujsmligmatis  Semina,  B.P.),  the  seed  of  Physostigvm 
vcnemmim  (Jobst  and  Hesse),  by  dissolving  the  alcoholic 
extract  in  water,  filtering,  adding  sodium  bicarbonate,  shak- 
ing the  mixture  with  ether,  and  evaporating  the  ethereal 
liquid.  The  sulphate  is  official  (Phi/msfig7ninai  Sulphas,  B.P.). 
It  occurs  “ in  j'ellowish-white  minute  crystals,  becoming  red 
by  exjjosure  to  air  and  light,  having  a bitter  taste,  highly 
deliquescent,  very  soluble  in  water,  and  soluble  in  alcohol 
(90  per  cent.).  The  aqueous  solution  is  neutral  to  litmus,  and 
affords  the  reactions  characteristic  of  sulphates  ; when  shaken 
with  dilute  solution  of  potassium  hydroxide  it  becomes  red  ; 
and  when  mixed  with  solution  of  ammonia  and  evaporated 
to  dryness  on  a water-bath,  it  leaves  a bluish  residue,  the 
solution  of  which  in  very  dilute  acids  is  dichroic,  being  red 
by  reflected  and  blue  by  transmitted  light.”  A trace  of  it 
powerfully  contracts  the  pupil  of  the  eye  and  is  applied  in 
the  form  of  discs  {Pamellce  Phi/sosligmince,  B.P.);  a small 
quantity  is  highly  poisonous.  Eber  states  that  physostig- 
inine,  l)y  action  of  acids,  etc.,  takes  up  the  elements  of 
water  and  becomes  cseruline,  C15H.23N3O3,  melting-point 
132°  C.,  an  alkaloid  one-sixth  the  strength  of  physostigmine 
and  occurring  to  .some  extent  in  the  Calabar  bean  itself. 
Ehrenberg  finds,  also,  eseraminc,  Cj„Il23N,,03  (melting-point 
238°  C.,  physiologically  inactive),  and  gets  cscroline  as  a 
derivative  of  physostigmine. 

Pii.ocAHiMNE  is,  apparently,  the  active  princi])le  of  the 
diaphoretic  and  sialogogue  Pilocarpus  Jaboramii  (Jaboratuli 
Folia,  B.P.).  The  occurrence  of  an  alkaloid  in  this  plant 
was  first  announced  by  Hardy,  followed  almo.st  immediately 
by  Byasson.  A crystalline  nitrate  and  hydrocliloride  were 
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first  obtained  by  Gerrard.  The  leaves  also  yield  an  essential 
oil,  a terpene  C|yHjg  (Hardy).  Harnack  and  Meyer  state 
that  the  formula  for  pilocarpine  is  CjjHjgN.,0.„  and  that  its 
effects  resemble  those  of  nicotine  ; also  that  jaborandi  yields 
another  alkaloid,  C.22H3.3N  (0.j,  which  is  allied  to  atro- 

pine in  its  effects.  Pilocarpine  nitrate,  Cj^HjgN.,0,„  HNO.^, 
(^Pihcarjnna;  Nitrns,  B.P.)  is  official.  Pilocarpine  has  a faintly 
bitter  taste,  and  is  soluble  in  water  and  in  alcohol  (90 
per  cent.).  Concentrated  sulphuric  acid  forms  with  it  a 
yellowish  solution  which,  on  the  addition  of  potassium 
bichromate,  gradually  acijuires  an  emerald-green  colour.  It 
leaves  no  ash  when  burned  with  free  access  of  air.  It  causes 
contraction  of  the  j)upil  of  the  eye.  Merck  states  that  a 
third  alkaloid,  pi/ocarpidine,  Cj,)Hj.|N20.„  is  present  in 
jaborandi.  Harnack  thinks  that  pilocarpine  is  probably  a 
methyl  derivative  of  pilocarpidine ; Merck  has  shown  that 
the  base  to  which  Harnack  gave  the  name  pilocarindine 
does  not  yield  pilocarpine  by  methylisation,  and  that  the 
isomer  obtained  by  this  operation  differs  from  pilocarpine  in 
being  insoluble  in  water.  Merck,  confirmed  by  Hardy  and 
Calmels,  states  that  jaborine  is  derived  from  j)ilocarpine  by 
natural  oxidation,  while  pilocarpidine  by  oxidation  yields 
jahoridim’,  C,„H|.,N.,0.j.  'I’he  latter  chemists  have  obtained 
pilocarj)ine  artificially,  /i-pyridyl-a-lactic  acid  being  converted 
into  pilocarpidine,  and  this  into  pilocarpine. 

Pii’KiiiNK,  CiyHigNOa,  is  a feebly  basic  alkaloid  occurring 
in  White,  Wad-  {Piper  Nigrum,  B.P.),  and  Long  Pepper 
{Chavica  ojjicinarum,  Mign.),  and  in  Cuheh  Pepper  {Ciihe/xv 
Frncliix,  B.P.),  associated  with  volatile  oil  and  resin  ; to  these 
substances  the  odour,  flavour,  and  acridity  are  due.  Piperine 
is  obtained  on  boiling  -white  i)epi>er  with  alcohol,  and 
eva])orating  the  liquid  with  solution  of  caustic  potash,  which 
retains  the  resin.  Recrystallized  from  alcohol,  piperine  forms 
colourless  prisms  fusible  at  212°  F.  (100°  C.).  With  acids 
and  certain  metallic  compounds  it  forms  salts,  and  distilled 
with  concentrated  alkali  yields  piperidine,  C^H^jN,  an  alkaloid 
of  strongly  marked  properties,  and  piperic  acid, 

Piperidine  is  interesting  as  being  one  of  the  alkaloids  that 
has  been  obtained  artificially  by  Ladenburg.  It  is  hexa- 
hydro-jiyridine,  and  is  obtained  by  the  hydrogenizalion  ot 
pyridine  (by  the  action  of  sodium  in  presence  of  alcohol). 
Johnstone  finds  it  in  long  pepper  and  in  ordinary  pepper. 
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more  especially  in  tlie  luisk.  According  to  Buchheim  the 
amorphous  resin  of  the  peppers  is  similar  in  constitution  to 
piperine,  alkalies  breaking  it  up  into  piperidine  and  chavicic 
acid.  Fi/reihrin  is  also  said  to  decompose  in  an  analogous 
manner.  The  piperine  of  cube!)  pepper  is  not  to  be  con- 
founded with  ciihebin,  a neutral  constituent  and  having  the 
formula  Piperidine  acid  tartrate,  a crystalline 

salt  easily  soluble  in  water,  is  a good  solvent  for  uric  acid. 

S.vNGUiNARiNE  is  the  alkaloid  of  Blood  Root  (^Sangidneina 
Canadensis').  Its  salts  are  red.  Konig  and  Tietz  find  five 
distinct  alkaloids  in  the  root  of  sanguinaria,  viz.,  c/iel- 
en/lhrine,  sanguinarinc,  a-homocheli- 

doninc,  C.,^H„jNOr, ; fi-homochelidonine,  C.,^HgjNOr, ; and 
prolopine,  C^gHj^NOj.  Protopine  was  found  in  opium  by 
Hesse.  It  also  occurs  in  Celandine  {Ghelidonium,  U.S.P.),  and 
is  identical  with  macleijine  obtained  by  Eyckmann  from  Mac- 
let/a  cordata. 

Scopolamine. — See  Hyoscine. 

SoLANiNE. — This  alkaloid  exists  in  the  Woody  Nightshade, 
or  Bitter-sweet  {Solanwn  dulcamara).  It  occurs  also  in  the 
shoots,  and  in  minute  amount  in  the  skins,  of  the  tubers  of 
the  Potato  (^Solatium  tuberosum).  This  alkaloid  is  only  slightly 
soluble  in  water,  alcohol,  or  ether ; nitric  acid  colours  it 
yellow  ; sulphuric  acid  produces  at  first  a yellow,  then  a 
violet,  and  finally  a brown  coloration.  By  the  action  of  dilute 
acids  it  is  easily  converted  into  a sugar  and  so/anidine. 
Cieissler  finds  dulcaniarin,  C.^gHg^Ojg,  a glucoside,  to  be  the 
bitter  constituent  of  Solannm  dulcamara.  Sulphuric  acid 
and  alcohol,  or  either  selenic  acid  or  sodium  selenate  and 
sulphuric  acid,  colours  solanine  or  solanidine  a dark  red. 

Sparteine,  poisonous  volatile  alkaloid 

occurring  in  Broom-tops  (.S'co/wra  Cacumina,  'R.V.).  Its  dis- 
coverer, Stcnhouse,  considers  that  the  diuretic  princijile  of 
broom  is  Scoparin,  CggH„gO,g,  a non-j)oisonous  substance, 
sparingly  soluble  in  'cold  water.  Mills  has  obtained 
ethyl -sparteine,  C,gIIggC.gHgNg,  and  diethyl  - sparteine. 
Apparently  sparteine  contains  two  Jiyri- 
dine  nuclei.  Sparteime  Sulphas,  U.S.P.,  has  the  formula 
C,.HggN.g,HgS(),,4HgO. 

Ilichy  states  that  this  alkaloid  is  present  in 
Slillingia  .ii/lvatica  or  Queen’s  Root,  * 
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Taxine,  ? is  an  alkaloid  occurring  in  the  yew. 

Ti  I Et  N E. — See  Ca  E EE  I n e. 

Tmeouhomine,  CKHgN  jO.,,  is  an  alkaloid  occurring  in  cocoa, 
the  seed  of  Theohroma  Cacao,  to  the  extent  of  1 to  2 per  cent. 
According  to  Schmidt,  a little  caffeine  is  present  also.  Theo- 
bromine is  also  jiresent  in  Kola-nut  (Fleckel  and  Schlagden- 
hauff’en).  3'he  caffeine  in  cacao,  kola,  and  tea,  is  said  to 
occur  normally  as  a glucoside,  which  would  explain  whj'  it 
is  only  partially  extracted  bj'  chloroform  from  a luixture  of 
eitlier  of  these  substances  with  lime. 

Retalionx  hcUceen  Caffeine  and  Thcohromine. — Botli  caffeine 
and  theobromine  are  methyl  derivatives  of  xanthine, 
C^I1,N|()„  (belonging  to  the  uric  acid  group,  uric  acid 
having  the  formula  CjIIjNiOg).  Caffeine,  or  trimethyl- 
xanthine  lias  been  obtained  synthetically  from  uric  acid  by 
h’i.scher  and  Acli.  Theobromine,  or  dimethyixanthine  may 
be  obtained  from  a silver  derivative  of  xanthine  by  the 
action  of  methyl  iodide ; and  caffeine  (methyltheobromine) 
may  be  obtained  by  heating  theobromine-silver  with  methyl 
iodide  (Strecker).  'riieophyllin,  isomeric,  with  theobromine, 
was  obtained  by  Kossel  from  tea  extract. 


IIN— CO 

I I 

()C  C— NH 


MN— CM 

I II 

OC  C— Nil 


^CO 

/ 

N_C— NH 

MN 

1— C 

Ui'ii!  acid 


Xaiitliino 


CU3N— CM 


OC  C— Nil 
^CO 

CH3N— C = N 

Tlicobromino  or  dinicUiylxaiitliiiio 


CH3N— CH 

I II 

OC  C— NCII3 

\co 

CM3N— C=N 

CafVeino  or  trimcUiylxaiitliiiio 


Trigonelline,  C-H^NO.^,  H^O. — Jahns  states  that  tins 
alkaloid,  as  well  as  one  identical  with  choline,  are  present 
in  the  seeds  faningreelc  or  fenugreek  (frrigonella  Fa-niini- 
gr(vcuni)  much  used  in  veterinary  medicine,  and  in  some 
varieties  of  cattle  food  and  curry  powder. 
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Tropine. — See  Atropine. 

Tylophorine. — See  Emetine. 

Vasicine,  occurring  as  adhatodate,  has  been  shown  by 
Hooper  to  be  the  active  principle  of  the  leaves  of  Adhatoda 
vasica,  or  Rus  (Hind.)  or  Bakas  (Beng.)  or  Vamka  (Sanskrit), 
an  official  Indian  expectorant  (^Adhatoda,  B.P.  Add.  1900). 

Veratrine,oi-  Veratria,  Cg^HggNOjj. — This  alkaloid  occurs 
in  Cevadilla,  the  seeds  of  Schcenocmdon  officinale,  of  A.  Gray 
(termed  Asagrcea  officinalis  by  Bindley),  and  Veralrum  officinale 
by  Schlecht.  It  is  also  said  to  occur  in  the  leaves  of  Sarracenia 
purpurea.  According  to  Weigelin,  cevadilla  contains  two 
isomeric  varieties  of  veratrine,  the  one  soluble  the  other 
insoluble  in  water.  He  says  there  are  also  present  sabadilline 
and  sahatrine.  The  veratrine  of  trade  contains  the  two  latter 
alkaloids  (Weigelin).  A mere  trace  of  veratrine  brought 
into  contact  with  the  mucous  membrane  of  the  nose  causes 
violent  fits  of  sneezing.  These  alkaloids,  and  those  from  the 
different  species  of  Veratrum,  are  evidently  very  closely 
allied.  Wright  and  Luff,  by  the  use  of  tartaric  acid,  a solvent 
less  likely  than  the  stronger  acids  to  decompose  alkaloids, 
extract  from  cevadilla,  veratrine,  Cg^HggNOjj ; cevadine, 
C3.,H^(,NOg  ; and  cevadilline,  Cg^Hg^NOg.  According  to  Merck, 
cevadilla  contains  two  alkaloids,  sahadine,  C^gHg^NOg,  and 
salnidinine,  C.,-H^-NOg. 

The  official  process  for  the  preparation  of  the  alkaloid 
(^Teralrina,  B.P.)  consists  in  exhausting  the  disintegrated 
cevadilla-seeds  with  alcohol  (90  per  cent.),  recovering  most 
of  the  alcohol  by  distillation,  pouring  the  residue  into  water, 
by  which  much  resin  is  precipitated,  filtering,  and  precipi- 
tating the  veratrine  from  the  aqueous  solution  by  addition 
of  ammonia.  It  is  purified  by  washing  with  water,  solution 
in  dilute  hydrochloric  acid,  decolorization  of  the  liquid  by 
animal  charcoal,  reprecipitation  by  ammonia,  washing  and 
drying.  Bosetti  states  that  it  is  a mixture  of  crystalline 
cevadine,  insoluble  in  water,  with  an  amorphous  isomeric 
soluble  alkaloid,  veratridme.  According  to  Lissauer  their 
pliysiological  action  is  identical. 

Unguenlum  Veralrina;,  B.P.,  contains  10  grains  of  the 
slightly  impure  alkaloid  obtained  as  just  described,  rubbed 
with  40  grains  of  oleic  acid,  and  mixed  with  about  an 
ounce  of  lard. 


NEW  REACTIONS  FOR  THE  DETECTION  OF  SOME  ALKALOIDS  (BRi-N-xEn  akd  STnzYzowsKi). 
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2.  TABLE  FOR  THE  QUALITATIVE  A 


C Quinine. 

ALKALOIDS.  -!  Quinidine. 

Ldkbkiune. 


Cinchonine. 

CiNCHONIDINE. 

Strychnine. 


Dia.solve  ti  portion  in  water,  and  add  ammonia  cautiously.  Precipitate  = alkaloids 
(except  strychnine)  and  sometimes  ferric  hydroxide.  Agitate  the  mixture  with  a 
little  other  and  separate,  by  means  of  a pipette,  the  ethereal  solution,  aqueous 
solution,  and  insoluble  precipitate. 


Ktiieheai,  Solution. 


Aqueous 

Solution. 


Insoluble 

PrECII’ITATE. 


4 

I 


1 


May  contain  quinine,  (luinidiiio,  or 
boberino.  To  solution  in  a test-tube  add 
water  vewy  slightly  acidulated  with  acetic 
acid,  boil,  bundng  olf  the  ether.  To  a 
portion  of  the  acetic  solution  add  clilorino 
or  bromine  water,  then  ammonia. 


(luKKN  Colour  No  Green 

(thalleioquin).  Colour. 


Solution  is  llnorescout, 
and  contains  either  qui- 
nine or  quinidine.  Con- 
centrate the  remainder 
of  tlie  solution  ami  divide 
into  two  parts.  To  one 
add  potassium  iodiih^ 
and  to  the  other  add 
ammonium  oxalate. 

The  former  precipitates 
i/uiiiidine,  not  (quinine. 
The  latter  precipitates 
ijuinine  not  quinidine. 

For  other  methods  see 
pages  005  and  000. 


To  a portion 
of  the  acetic 
solution  add 
caustlcpotash, 
a yellowish 
white  jirccipi- 
tate  = 5c5m?ic. 


May  contain 
strychnine.  Agi- 
tato with  chloro- 
form and  separate 
the  chloroformic 
■solution.  Fvapo- 
rate  the  chloro- 
formic solution 
and  moisten  resi- 
due with  concen- 
trated sulpluiric 
acid.  Draw  across 
the  acid  Him  a 
small  crystal  of 
potassium  bichro- 
mate, moistened 
with  sulphuric 
acid,  when  a traii- 
s i 0 n t play  o I' 
colours— violet  to 
red  = strychnine. 
No  colours  = no 
strychnine. 

In  case  6f  doubt 
add  ammonia  to 
original  solution, 
agitate  with  chloro- 
form, and  iiroceed 
as  before. 


Is  cinchonine, 
einchonidine,  or 
ferric  hydroxide 
(rod). 

Saturate  a drop 
or  two  of  acetic 
acid  in  a little 
water  with  the 
precipitate,  and  to 
part  of  the  solution 
add  sodium  tart- 
rate : a precipitate 
occurs  in  the  case 
of  einchonidine, 
and  no  precipitate 
in  that  of  cincho- 
nine. 


phoro 
of  til 
origin 
poto 
nitric 


Whi 

tate 

nitric 

pyrop 

add. 


[ Tahle  2.  To  face  p.  632.  J 


IS  OF  ORDINARY  SCALE  COMPOUNDS. 


rHOSPHOBlC.  , • , 

PHOSPHOROUS  (generally  converted  into  pyrophospuoric). 
XIRIC. 

OCHLORIC  (as  a contamination). 

LRIC. 

I. 


o 

g . ( Ammonium  (often  as 
<1^1  a contamination). 
CS  S V Ferric  Salt. 

S ^ Potassium. 

2®  ISODIDM. 


all  quantity.  Heat  the  ash  with  nitric  acid,  and  add  an 
olution  of  ammonium  molybdate  in  nitric  acid,  and  boil. 


Precipitate. 


No  Yellow  Precipitate. 


»ric  or  hypophos- 
: Precipitate  some 
b solution  of  the 
bee  with  caustic 
■ neutralize  with 
I add  silver  nitrate. 


I 


White  to  black 
precipitate  sol- 
uble in  nitric 
acid  = hype^hos- 
phorous  acid. 


Precipitate  some  of  the  aqueous 
•solution  of  the  original  substance  with 
caustic  potash,  lilter,  and  add  to  a 
portion  of  the  filtrate  a slight  excess 
of  nitric  acid  ; divide  into  two  parts. 
To  one  add  barium  chloride  (ppt.  = 
sulphuric  acid).  To  the  other  add 
silver  nitrate  (ppt.  = hydrochloric  acid). 
Neutralize  another  portion  of  the  alka- 
line filtrate  with  nitric  acid  and  add 
silver  nitrate. 


Precipitate  Precipitate 

Grey  to  Black.  ! White. 


Ammonium. — Boil  aqueous 
solution  with  caustic  potash 
and  test  vaijour  for  ammonia. 
Filter  and  dissolve  precipitate 
in  hydrochloric  acid,  and  test 
the  solution  for  iron  by  ferro- 
eyanide,  thiocyanate,  etc. 

Potassium  and  sodium. — 
Ignite  a small  quantity,  and 
moisten  the  residue  ivith  water. 
Test  moistened  residue  with 
litmus-paper.  If  alkaline,  ex- 
amine for  potassium  and 
sodium  by  the  colour  imiiarted 
to  the  Bunsen  flame,  and  for 
potassium  by  the  bismuth 
thiosuiphate  test. 


Add  very  little  | 
ammonia  ^not  j 
sufficient  to  dis-  | 
solve  the  whole  i 
precipitate)  and  | 
warm.  A silver  i 
mirror  = tartaric  I 
acid. 

Calcium  chlor- 
ide and  lime-water 
ppt.  a neutral  ' 
solution  (if  con- 
centrated) in  the  ' 
cold,  the  precipi-  I 
tate  redissolving  j 
on  boiling.  I 


Citric  acid  gives 
imperfect  or  no 
silver  mirror. 

Calcium  chloride 
and  lime-water  do  I 
not  precipitate  i 
citric  acid  in  the  j 
cold,but  upon  boil- 
ing (if  solution  be  i 
sufficiently  concen- 
trated) precipita- 
tion occurs. 


Confirm  tartaric  or  citric  add.— To  slightly  acidified  caustic  potash 
filtrate  add  ammonia  in  slight  excess  and  considerable  quantity  of  chlorides 
of  ammonium  and  calcium.  Tartrate  is  precipitated  completely  in  the  cold 
after  agitation  and  subsequent  standing  for  about  ton  minutes.  To  the 
solution  (or  filtrate,  if  tartrate  is  present)  add  throe  volumes  of  alcohol 
(90  per  cent.);  citrate  is  precipitated.  If  sulphates  have  boon  found,  the 
alcohol  may  precipitate  calcium  sulphate,  which  must  not  bo  mistaken 
for  calcium  citrate. 
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QUESTIONS  AND  EXERCISES 

How  is  aconitine  prepared? — Give  the  strengths  of  the  official  pre- 
parations of  atropine. — Describe  the  properties  of  atropine. — What 
is  the  active  principle  of  stramonium? — Mention  official  preparations 
' containing  cocaine  and  beberine.  — Give  the  characters  of  beber- 
iine. — In  what  does  nectandrine  differ  from  beberine? — Mention  the 
! characteristics  of  conine. — What  are  the  active  principles  of  ipecacu- 
Fanha? — Name  the  alkaloid  of  tobacco.^ Give  the  properties  of  the 
I alkaloid  of  Calabar  bean.  — What  are  the  sources  of  piperine? — 
'Whence  is  caffeine  obtained ; what  is  its  relation  to  theobromine  ? 
j — Describe  the  preparation  of  veratrine.  — State  the  properties  of 
veratrine. 


Here  the  student  is  recommended  to  (jualilativch/  anahfse 
unnamed  specimens  (^previous! if  selected  for  hivi)  of  the  Jree  and 
combined  organic  substances  included  in  the  appended  Tables  1 
'tnd  2. 


SOME  IMPORTANT  PROXIMATE  CON- 
STITUENTS OF  ANIMAL  AND  VEGE- 
TABLE ORGANISMS 

PllOTEin  PuiNCIPLES,  OR  AlRUMENOIDS 

Albumen. — Agitate,  thoroughly,  some  white  of  egg  (^Albu- 
ien,  13. P.)  with  watei',  and  strain  off  the  liquid  from  the 
iocculent  membranous  insoluble  matter.  One  part  of  white 
f egg  to  4 parts  of  water  forms  the  “Solution  of  Albu- 
len,”  13.  P. 

7'e.vL— Heat  a portion  of  this  solution  of  albumen  to  the 
niling-point ; the  albumen  becomes  insoluble,  separating  in 
•ots  or  eoagula  of  characteristic  appearance. 

Other  Reactions. — Add  to  small  (juantities  of  acpieous  solu- 
on  of  albumen  .solutions  of  mercuric  chloride,  silver  nitrate, 

I ipric  sulphate,  lead  acetate,  alum,  stannic  chloride,  or  any 
1 the  salts  of  the  heavy  metals ; the  various  salts  not  only 
I iagulate,  but  form  insoluble  compounds  with,  albumen. 

1 ence  the  value  of  an  egg  as  a temj)orary  antidote  in  cases  of 
•isoning  by  many  metallic  salts,  its  administration  retarding 
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the  absorption  of  the  j)oison  until  the  stoinach-punij)  or  otlier 
means  can  be  applied.  Sulphuric,  nitric,  and  liydrochloric 
acids  coagulate  albumen  ; tlie  coagulum  is  slowly  re-dissolved 
by  aid  of  heat,  a brown,  j^cllow,  or  purplish-red  colour  being 
produced.  Neither  acetic,  tartaric,  nor  organic  acids  gener- 
ally, except  picric  and  gallotannic,  coagulate  albumen. 
Alkalies  prevent  the  precipitation  of  albumen,  and  hence,  in 
testing  for  albumen  when  only  a trace  is  suspected  to  be 
present,  it  is  well  to  make  the  fluid  ven/  fainihj  acid  w'ith 
acetic  acid,  hlxcess  of  acid  acts  like  alkali  in  preventing 
coagulation  but  not  .so  imwerfully  ; in  one  case  the  absence 
of  coagulation  is  due  to  the  formation  of  acid  albumen  and  in 
the  other  to  the  formation  of  alkali  albumen,  both  of  which 
are  products  formed  by  the  partial  disintegration  of  the  pro- 
tcid  molecule  and  combination  of  the  jiortions  of  the  disin- 
tegrated molecule  with  the  alkali  or  acid. 

'I’hc  products  so  formed  are  soluble  even  on  boiling  and 
hence  no  coagulation  occurs  when  dUnle  solutions  of  albumen 
are  boiled  in  j)re.scnce  of  excess  of  alkali  or  acid. 


YoUt  or  Ydh  of  Egg  contains  IG  per  cent,  of  proteid,  and 
32  per  cent.  (»f  fatty  matter.  The  greater  part  of  the  j)roteid 
is  in  combination  either  with  nucleins,  among  which  the 
iron-containing  nucleo-proteid  is  of  importance  as  a hanno- 
globin  producer  ; or  with  the  phosphorized  fats  or  lecithins, 
forming  lecith-albumens  or  vitellins. 

Albumen  is  met  with  in  large  cpiantity  in  the  serum  of 
blood,  in  smaller  quantity  in  chyle  and  lymph,  and  in  the 
vascular  tissues  generally.  It  is  not  a normal  constituent  of 
saliva,  gastric  juice,  bile,  or  mucus,  but  may  occur  during 
inflammation.  It  is  found  in  the  urine  and  fa'ces  oidy  in 
certain  diseased  states  of  the  system. 

Albumen  is  a highly  complex  substance,  and  its  formula 
and  chemical  constitution  are  at  present  unknown.  Ngg 
albumen  has  been  shown  by  direct  determinations  of  osmotic 
jiressure  to  possess  in  solution  a molecular  wmight  of  about 
10,000,  while  serum  albumen  has  a molecular  weight  of  ahou 
.'30,000.  Solutions  of  albumen,  probably  on  account  of  1 
large  size  of  the  molecule,  do  not  diffuse  through  parchmen 
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pa|)er  and  in  this  way  may  be  dialysed  from  admixed  crystal- 
loids (i.e.,  substances  which  separate  from  solution  in  crystal- 
line form,  as  contrasted  with  colloids,  or  glue-like  substances, 
which  do  not  crystallize).  This  method  of  separation  is  often 
of  practical  importance  in  medico-legal  analyses. 

Egg-albumen  (and,  to  some  extent,  blood-albumen)  is 
largely  used  by  calico  - printers  as  a vehicle  for  colours, 
serving  also,  when  dry,  as  a glaze.  Curriers  prize  egg-oil 
for  softening  leather. 

Fibrin,  Casein,  Legumin. 

Fibrin  is  the  substance  formed  when  blood  or  lymph 
undergoes  coagulation.  It  is  produced  in  the  blood  in  the 
process  of  coagulation  from  a very  unstable  compound 
termed  fibrinogen.  The  fibrinogen  is  attacked  after  the 
blood  is  shed  by  a ferment  which  is  formed  from  the 
disintegrating  white  corpuscles.  These  corpuscles  yield  a 
substance  which  combines  with  the  calcium  salts  present  in 
the  fluid,  to  form  a soluble  ferment  termed  thrombosin  or 
fibrin  ferment.  The  thrombosin  then  acts  upon  the  fibrinogen 
and  converts  it  into  insoluble  fibrin  in  the  form  of  long  threads 
of  substance  which  bind  the  red  corpuscles  into  a solid  clot. 
Fibrin  may  be  obtained  by  whipping  fresh  blood  with  a 
bundle  of  twigs,  separating  the  adherent  fibres,  and  washing 
in  water  until  free  from  red  corpuscles.  It  may  best  be 
kept  in  equal  parts  of  glycerin  and  water. 

Average  Composition  of  Blood. — In  human  blood  the  moist 
corpuscles  plasma  make  up  nearly  equal  parts;  thus  A. 
Schmidt  found  in  blood  obtained  by  venesection,  .52T  parts 
of  plasma  and  47 ’9  parts  of  corpuscles.  The  plasma  contains 
approximately  8 to  10  per  cent,  of  coagulable  proteids  of 
which  only  about  0'2  to  0‘4  per  cent,  is  fibrinogen,  3 to  4 per 
cent,  globulin,  and  ~i  to  G per  cent,  albumen.  In  addition 
there  are  about  O'G  per  cent,  of  other  organic  constituents, 
including  about  0T5  per  cent,  of  glucose  which  forms  the 
circulating  carbohydrate  of  tlie  body.  'I’he  inorganic  salts 
amount  to  about  0'8  per  cent.,  the  .salt  j)resent  in  largest 
amount  (O'G  per  cent.)  is  sodium  chloride. 

Caseinogen  occurs  in  Cow’s  Milk  to  the  extent  of  about  4 
per  cent.,  di.ssolved  by  a trace  of  salt  of  an  alkali-metal.  Its 
.solution  does  not  spontaneously  coagulate,  like  that  of  fibrin, 
nor  by  heat  like  albumen  ; but  acids  cause  its  precipitation 
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from  milk  in  the  form  of  a curd  containing  tlie  fat  globules 
(butter)  previouslj^  suspended  in  the  milk,  a clear  yellow 
liquid  (or  whey)  remaining.  Caseinogen,  like  fibrinogen,  is 
cajiable  of  being  changed  into  an  insoluble  form  by  the 
action  of  an  unorganized  ferment  or  enzyme.  The  insoluble 
form  is  termed  caxein,  and  is  produced  in  the  manufacture  of 
cheese.  The  ferment  is  called  rcimm,  or  cliijmosm,  and  is  con- 
tained in  rennet,  which  is  an  extract  jirepared  commercially 
from  the  salted  and  dried  mucous  membrane  of  the  fourth 
stomach  of  the  calf,  but  it  is  also  present  in  the  gastric 
mucous  membrane  not  only  of  all  mammals,  but  in  birds  and 
fishes.  Similar  milk-coagulating  enzymes  are  found  in  the 
pancreatic  juice,  and  in  the  juices  of  the  stems  and  leaves  of 
many  plants.  As  in  the  case  of  fibrinogen,  calcium  salts  are 
necessary  in  order  that  coagulation  ma}^  occur. 

A rennet  extract  may  be  prepared  by  extracting  the 
salted  mucous  membrane  with  ten  times  its  volume  of  a 5 
l)er  cent,  solution  of  sodium  chloride  (to  which  1 part  in  10,000 
of  boric  ac-id  may  be  ;idded  as  a preservative)  for  about 
seven  days  at  room  temperature.  The  fiuid  should  be  stirred 
uj)  occasionally.  Such  an  extract  will  coagulate  10,000  to 
50,000  times  its  own  volume  of  fresh  milk. 
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Leeds  put  the  average  composition  of  human  milk  at  2 
jier  cent,  of  jiroteids,  7 per  cent,  of  milk  sugar,  4 per  cent,  of 
fat,  and  0-2  per  cent,  of  ash. 

Specific  gravity  alone,  as  taken  by  the  form  of  hydrometer 
termed  a ladoinctcr,  or  even  by  more  delicate  means,  is  of 
little  value  as  an  indication  of  the  richness  of  milk,  the 
butter  and  the  other  solids  exerting  an  influence  in  opjiositc 
directions.  Good  cow’s  milk  affords  from  10  to  12  per 
by  volume  of  cream,  and  3 to  3^  per  cent,  of  butter.  1 he 
water  of  milk  seldom  varies  more  than  from  87  to  88  pei 
cent.,  and  the  solid  con.stituents  from  13  to  12,  Indeed, 
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excluding  its  butter,  milk  is  curiously  regular  in  composition. 
The  non-fatty  solids  in  the  mixed  milk  of  a herd  or  dairy  of 
healthy  cows  is  almost  a constant  quantity,  namely,  9-3  per 
cent.  A lower  proportion  of  non-fatty  solids  in  a sample  of 
milk  points  to  the  addition  of  water.  Thus,  supposing  that 
100  grains  of  a specimen  of  milk,  evaporated  to  dryness,  and 
all  butter  extracted  from  the  residue  (previously  disintegrated 
by  help  of  1 or  2 parts  of  dried  gypsum,  or  the  dried  infusorial 
earth  termed  Kieselgukr)  by  means  of  ether,  yielded  a non- 
fatty residue  of  7 '44  grains,  the  specimen  would  probably  be 
four-fifths  milk  and  one-fifth  water.*  Occasionally,  under 
exceptional  circumstances,  a sample  of  genuine  milk  may  be 
somewhat  poorer  than  that  from  a healthy  herd,  and  there- 
fore, for  legal  purposes,  a standard  of  8’5  per  cent,  by  weight 
of  non-fatty  solids  and  3 per  cent,  of  butter-fat  has  now 
been  adopted.  Only  in  the  rare  cases  of  milk  containing 
an  unusually  large  proportion  of  butter-fat  could  any  milk 
yielding  less  than  8’5  percent,  of  non-fatty  solids  be  regarded 
as  genuine.  And,  again,  no  milk  would  be  considered 
genuine,  under  this  standard,  if  it  yielded  less  than  3 
per  cent,  of  fat,  not  even  in  the  rare  case  of  its  contain- 
ing an  unusually  large  proportion  of  real  non-fatty  milk- 
solids.  Cows  in  bad  condition  might  yield  milk  below  these 
standards ; but  it  could  scarcely  be  considered  to  be  normal, 
or  better  fitted  for  food  than  milk  watered  after  leaving  the 
cow.  If,  therefore,  a sample  of  milk  is  to  be  regarded  as 
genuine,  the  standard  of  8‘5  per  cent,  of  non-fatty  solids 
and  3 per  cent,  of  fat  cannot  be  regarded  as  too  high. 

When  examined  under  the  microscope,  milk  presents  a 
characteristic  field  of  minute  highly  refractive  globules  con- 
sisting of  the  suspended  fatty  matter,  which  yields  on  separa- 
tion the  cream,  or,  when  the  globules  are  broken  by  agitation 
and  coalesced  together  as  in  churning,  the  butter.  The  fat  is 
fluid  at  the  normal  temperature  of  the  animal,  and  remains 
so  until  the  milk  is  well  agitated  by  churning  or  otherwise, 
or  until  the  milk  is  frozen. 

Ix;guvun,  or  vegetable  cmeiii,  is  found  in  most  leguminous 
seeds,  and  in  sweet  and  bitter  almonds.  Peas  contain  about 
25  per  cent,  of  legumin. 

* Soxhlet  determines  fat  by  noting  the  specific  gravity  of  an 
ethereal  solution  and  then  referring  to  tables  showing  percentage  of 
tat  in  ethereal  solutions  of  varying  specific  gravity. 
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Vegetable  albumen  is  contained  in  many  plant-juiceSj  and 
is  deposited  in  flocculi  on  heating  such  liquids.  Vegetable 
Jibrin  is  tlie  name  given  Liebig  and  Dumas  to  that  portion 
of  the  gluten  of  wheat  which  is  insoluble  in  alcohol  and 
ether.  Spongine,  the  organic  matter  of  sponge,  appears  to 
be  a proteid. 

Tlie  various  proteids  differ  somewhat  in  their  elementary 
composition,  and  the  results  experimentally  obtained  by 
different  competent  observers  even  in  the  case  of  the  same 
proteid  (or,  indeed,  different  analyses  of  the  same  proteid  by 
the  same  observer)  show  enough  variation  to  preclude  the 
possibility  of  deducing  em))irical  formuhe  of  any  importance. 
The  mean  composition  of  proteids  is,  however,  of  some 
pliysiological  importance,  esjiecially  in  the  case  of  tlie 
nitrogen,  a dctcrminalion  of  which  is  often  emploj^ed  as  a 
measure  of  total  (juantity  of  proteid,  the  total  nitrogen  being 
determined  and  this  multiplied  by  6‘25,  on  the  assumption 
that  proteid  on  the  average  contains  IG  jier  cent,  of  nitrogen. 
'I'he  following  figures  give  the  limits  of  variation  in  each  of 
the  elements  found  by  different  observers  : carbon,  50  to  55 
per  cent.;  hydrogen,  G'8  to  7'3  per  cent.;  nitrogen,  16  to  18 
per  cent.;  oxygen,  21  to  24  per  cent.;  suljihur,  0'3  to  2 per 
cent. 

Proteids  are  found  also  in  combination  with  other  organic 
groups  such  as  carbohydrates,  fats,  phosphorized  fats,  and 
nuclcin.s,  .so  forming  the  vast  class  of  compound  proteids. 
Jsxamplcs  are  hannoglobin,  the  iron-containing  colouring- 
matter  of  the  blood  ; the  nucleins  which  are  proteids  combined 
with  carbohydrate-like  reducing  bodies;  the  nucleo-jiroteids 
which  are  abundant  in  cell  nuclei  and  are  compounds  of 
organic  nitrogenous  substances  (also  containing  phosphoru.s) 
called  nucleins,  with  proteids ; the  lecith-albumens  of  egg- 
yolk  already  referred  to  ; and  casein  which  consists  of  proteid 
united  to  a phosjihorus-containing  radical. 

Proteids  ai'e  divided,  according  to  their  solubility  in  water 
and  certain  saline  solutions  into  ‘'albumens,”  or  “albumins,” 

“ globulims,”  “ albumo.ses,”  “ peptones,”  etc.  Some  globulins 
and  albumoses  form  most  virulent  poisons  when  injected 
directly  into  the  blood  stream;  to  this  class  of  substances 
belong  the  poison  of  most  venomous  reptiles,  and  also  certain 
vegetable  j)oisons  such  as  that  contained  in  the  seeds  ol 
Abru.s  precatorius  (Je(picrity).  The  albumoses  of  ordinary  di- 
gestion are  similarly  poisonous  when  injected  directly  into  tlic 
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blood  stream.  All  these  poisonous  substances  are  however, 
harmless  when  swallowed,  being  modified  as  they  are  absorbed 
from  the  intestines,  and  so  converted  into  innocuous  products. 

Musk  (Moschus,  B.P.),  “the  dried  secretion  from  the  pre- 
putial follicles  of  Moschus  moschiferus”  (the  Musk-deer),  is  a 
mixture  of  albumenoid,  fatty,  and  other  animal  matters  with 
a volatile  odorous  substance  of  unknown  comjiosition. 
“ Artificial  Musk,”  a synthetical  compound  having  an  odour 
resembling  in  quality  and  power  that  of  natural  musk,  is 
trinitro-tertiary-butyl-toluene,  CgHCH3(N02)3C(CHg)g. 

Gelatin-producing  Substances 

These  nitrogenous  substances,  collectively  known  as 
collagens  (glue-producing),  differ,  chemically,  from  the  proteids 
in  containing  less  carbon  and  sulphur  and  more  nitrogen. 
They  are  contained  in  certain  animal  tissiie.s,  and  on  boiling 
with  water  yield  a solution  which  has  the  remarkable  property 
of  solidifying  to  a jelly  on  cooling.  In  the  process  of  boiling 
with  water  the  collagen  becomes  hydrated  and  yields  the 
gelatin  or  glutin  which  is  hence  called  the  hydrate  of  collagen. 
When  gelatin  is  heated  to  130°  C.  the  reverse  change  occurs 
and  collagen  is  re-formed.  The  tendons,  ligaments,  bones, 
skin,  and  serous  membranes  afford  gelatin  proper ; the  carti- 
lages give  chondrin,  which  differs  from  gelatin  in  composition 
and  in  being  precipitated  by  vegetable  acids,  alum,  and  lead 
acetate,  or  subacetate.  The  purest  source  of  gelatin  is 
isinglass  (B.P.),  which  is  “the  swimming-bladder  or  sound  of 
various  species  of  Acipenser,  Linn.,  prepared,  and  cut  into 
shreds.”  Small  quantities  are  more  easily  disintegrated  by  a 
file  than  a knife.  A recently  prepared  2 per  cent,  aqueous 
solution  forms  the  official  “Solution  of  Isinglass,”  B.P. 
Gelatin  (iiclalinum,  B.P.)  is  officially  defined  as  “ the  air-dried 
product  of  the  action  of  boiling  water  on  such  animal  tissues 
as  skin,  tendons,  ligaments,  and  bones.”  Glue  is  an  impure 
variety  of  gelatin,  made  from  the  trimmings  of  hides ; size  is 
glue  of  inferior  tenacity,  prepared  from  the  parings  of  parch- 
ment and  thin  skins.  “Among  the  varieties  of  gelatin 
derived  from  different  tissues  and  from  the  same  sources  at 
different  ages,  much  diversity  exists  as  to  the  firmness  and 
other  characters  of  the  solid  formed  on  the  cooling  of  the 
solutions.  The  differences  between  isinglass,  size,  and  glue, 
in  this  respect,  are  familiarly  known,  and  afford  good  examples 


640 


OEGANIC  CHEMISTRY 


of  the  varieties  called  weak  and  strong,  or  low  and  high 
gelatin.  The  differences  are  sometimes  ascribed  to  the 
quantities  of  water  combined  in  each  case  with  the  pure  or 
anhydrous  gelatin,  part  of  which  water  seems  to  be  intimately 
united  with  the  gelatin  ; for  no  artificial  addition  of  water  to 
glue  would  give  it  the  character  of  size,  nor  would  any 
abstraction  of  water  from  isinglass  or  size  convert  it  into  the 
hard  dry  substance  of  glue.  But  such  a change  is  effected 
in  tlie  gradual  process  of  nutrition  of  the  tissues;  for,  as  a 
general  rule,  the  tissues  of  an  old  animal  yield  a much  firmer 
or  stronger  jelly  than  the  corresponding  parts  of  a young 
animal  of  the  same  species.”  (Kirke’s  Physiology.) 

Gelatin  is  precipitated  from  aqueous  solution  by  alcohol, 
mercuric  chloride,  chloro])latinic  acid,  tannic  acid,  and  many 
of  tlm  u.sual  j)roteid  precipitants.  Pin*e  glutin  or  gelatin 
does  not  give  Millon’s  reaction,  that  is,  a white  precipitate 
turning  red  on  boiling,  when  treated  witli  the  mixed  nitrates 
of  mercury  (Millon’s  reagent).  This  reaction  is  character- 
istic of  all  true  jiroteids.  The  failure  of  this  reaction  in  the 
case  of  gelatin  indicates  the  absence  of  the  tyrosin  group 
from  the  gelatin  molecule.  Acjueous  solution  of  gelatin  is 
not,  like  that  of  albumen,  coagulated  by  heat,  nor  is  it  pre- 
eijutated  by  acids.  By  prolonged  ebullition  its  gelatinizing 
power  is  destroyed. 


Pepsin 

Pepsin  (from  ireirTO),  peplo,  I digest)  is  an  enzyme  existing 
in  the  gastric  juice,  which  is  secreted  by  the  parietal  cells  of 
the  gastric  glands.  The  hydrochloric  acid  which  accompanies 
it  in  the  gastric  secretion  is  formed  by  a different  type  of  cell 
in  the  glands  called  the  oxyntic  cells.  Pepsin  is  only  active 
in  an  acid  medium.  The  enzyme  exists  in  the  gland  cells 
in  a precursox’y  form  called  pepsinogen,  and  the  active  pepsin 
is  formed  from  this  substance  in  the  act  of  secretion. 

Pepsin  maybe  prepared  in  the  following  manner: — Ihe 
cleansed  mucous  membrane  of  the  stomach  (of  the  hog,  sheep, 
or  calf,  killed  fasting)  is  scraped,  and  the  scrapings  are 
macerated  in  cold  water  for  twelve  hours  ; the  pepsin  in  the 
strained  liquid  is  then  precipitated  by  lead  acetate,  the  de- 
posit washed  once  or  twice  by  decantation,  hydrogen  sulph- 
ide passed  through  the  mixture  of  the  deposit  with  a httic 
water  to  remove  the  whole  of  the  lead,  and  the  filtered  liquu 
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evaporated  to  dryness  at  a temperature  not  exceeding  105  F. 
(40-5°  C.). 

Pepsin  (Pepsiniim,  B.P.)  is  officially  described  as  “an 
enzyme  obtained  from  the  mucous  lining  of  the  fresh  and 
healthy  stomacli  of  the  pig,  sheep,  or  calf.  Tested  as 
described  in  the  following  paragraph,  it  should  dissolve  2500 
times  its  weight  of  hard-boiled  white  of  eggs.” 

It  is  obtained  as  “ a light  yellowish-brown  or  white 
powder,  or  pale-yellow  translucent  grains  or  scales,  having  a 
faint  odour  and  a slightly  saline  taste  free  from  any  trace  of 
putrescence,  and  liable  to  absorb  moisture  from  the  air.  If 
12’5  grammes  of  coagulated  and  firm  white  of  fresh  eggs,  125 
cubic  centimetres  of  acidulated  water  containing  about  0‘2 
per  cent,  of  hydrogen  chloride  (HCl),  and  0‘005  gramme  of 
Pepsin,  be  digested  together  at  105°  F.  (40'5°  C.)  for  six 
hours,  and  shaken  frequently,  the  coagulated  white  of  egg 
dissolves,  leaving  only  a few  small  flakes,  in  an  almost  clear 
solution.  The  ‘white  of  egg’  should  be  prepared  by  boiling 
quite  fresh  eggs  in  water  for  fifteen  minutes,  then  immersing 
them  in  cold  water,  and,  as  soon  as  sufficiently  cool  for  hand- 
ling, separating  the  whites,  washing  off  any  fragments  of  yolk 
or  membrane  with  water,  removing  the  water  with  a clean 
towel,  then  at  once  rubbing  the  whites  through  a sieve  having 
twelve  meshes  to  a centimetre,  and  using  the  product  before 
it  has  lost  moisture.  For  the  ‘acidulated  water’ mix  the 
official  Hydi’ochloric  Acid  with  water  in  the  proportion  of  1 
gramme  to  156  cubic  centimetres;  this  will  give  a solution 
containing  about  0'2  per  cent,  of  hydrogen  chloride 
(HCl).” 

The  solvent  action  of  pepsin  and  hydrochloric  acid  on 
proteids,  leads  to  the  formation  of  a complex  mixture  of  acid 
albumen,  albumoses,  and  peptones. 

The  albumoses  are  an  intermediate  stage  in  the  conversion 
of  coagulable  proteid  into  peptones. 

The  product  obtained  by  the  artificial  action  of  pepsin  on 
various  forms  of  proteid  is  known  commercially  as  peptone. 

Any  form  of  proteid  may  be  digested  as  above  described 
with  pepsin  and  hydrochloric  acid,  and  various  commercial 
peptones  are  so  prepared  from  white  of  egg,  minced  meat,  or 
blood  fibrin.  Papain  is  a proteolytic  enzyme  contained  in 
the  leaves  of  the  papaw  tree  {Caiica  papapci)  which  has  been 
utilized  as  an  artificial  digestive  agent  for  proteids. 

2 S 
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Pancreatic  Ferments 

The  pancreas  (sweetbread)  secretes  a colourless  fluid  of 
alkaline  reaction  which  contains  enzymes  acting  respectively 
upon  each  of  the  tliree  classes  of  foodstuffs,  viz.,  a proteolytic 
enzyme  called  in/psin  which  converts  proteids  into  albumoses 
and  peptones  in  neutral  or  alkaline  solution  ; an  amylolytic 
ferment  called  amylopsin  or  pancreatic  diastase  which  converts 
starches  into  dextrins  and  maltose  ; and  a steatolytic  or  fat- 
splitting ferment  called  stcapsin  or  lipase  which  hydrolyses 
fats  into  fatty  acids  and  glycerin.  Active  extracts  may  be 
prepared  by  extracting  the  gland,  which  ought  to  be  allowed 
to  stand  for  some  hours  before  extraction,  with  water  faintly 
acidulated  with  acetic  acid,  with  dilute  alcohol  (1  in  4),  with 
equal  jiarts  of  glycerin  and  water,  or  with  lime  water  and 
glycerin. 

In  addition  to  the  above-mentioned  three  enzyme.s,  the 
pancreatic  juice  contains  a fourth  unnamed  enzyme  which 
lias  a coagulating  action  upon  milk.  The  official  pancreatic 
solution  {^Lujuor  Pancreatis,  B.P.)  is  prepared  by  digesting  the 
pancreas  of  the  pig  in  diluted  alcohol  for  seven  days,  and 
filtering. 

Ferratin  is  an  organic  iron  compound  which  has  been 
isolated  from  pigs’  liver,  and  is  regarded  as  a normal  con- 
stituent of  the  organs  of  the  animal  body,  in  the  tissues  of 
which  it  is  stored  up  as  a reserve  material  for  the  formation 
of  blood. 


Bile 

The  gall  or  Inle  of  the  ox  (Bos  tanrus,  Linn.),  evaporated 
to  one-fourth  of  its  bulk  and  freed  from  mucus  by  agitating 
with  twice  its  bulk  of  alcohol  (90  per  cent.),  in  which  mucus 
is  insoluble,  filtering  and  evaporating,  yields  the  official  Puri- 
fied Ox  Bile  (Fel  Bovmuni  Burificatum,  B.P.):  the  latter 
has  the  appearance  of  a yellowish-green  soft  resin,  but  is 
chiefly  composed  of  two  crystalline  substances  ; the  one  is 
termed  sodium  taurocholatc,  NaC.2oH,j4N07S,  the  other  is 
ghjcocholate,  NaC2yH42NO,..  Both  taurocholates  and  glyco- 
cholates  readily  undergo  hydrolysis,  the  former  yielding  cholic 
or  cholalic  acid,  HC24H3j,0,,,  and  taurine,  C2H7NOgS,  the  latter 
cholalic  acid  and  glycine,  glycocoll,  or  amido-acetic  acid, 
CH.,(NH2)C00H,  a soluble  crystalline  substance  having 
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interesting  pliysiological  relations,  for  it  is  obtainable  from 
gelatin  (hence  the  name  glycocoll  or  sugar  of  gelatin,  from 
yArK-i’s,g/«cw.v,  sweet,  and  KoAAa,  koUa,  glue)  and  from  hippuric 
acid. 

Choline  {xoXr},  chole,  bile),  is  an  alkaloid  origin- 

ally found  in  bile,  where  it  is  derived  from  decomposition  of 
lecithin,  but  it  occurs  in  the  brain,  etc.,  in  cod-liver  oil,  and 
in  plants — ergot,  Indian  hemp,  ipecacuanha,  etc. 

Tests  for  Bile. — The  presence  of  bile  in  a liquid  such  as 
urine,  may  be  detected  by  the  following  test. 

1.  I’he  inside  of  a porcelain  capsule  is  wetted  with  the 
suspected  liquid,  one  or  two  crystals  of  cane-sugar  are  added, 
and  then  a few  drops  of  concentrated  sulphuric  acid. 

The  capsule  is  then  gently  warmed,  care  being  taken  not 
to  char  the  contents,  when  a reddish  coloration  develops, 
rapidly  changing  to  violet.  This  test  is  known  as  Pettenkofer’s 
test,  and  depends  upon  the  interaction  between  furfurol  and 
the  bile  salts.  The  furfurol  is  produced  by  the  action  of  the 
sulphuric  acid  on  the  cane-sugar. 

2.  Gmelin’s  test  is  given  by  the  bile  pigments,  and  is 
carried  out  by  pouring  the  bile-containing  fluid  upon  fuming 
nitric  acid  in  a test-tube  when  coloured  rings  form  at  the 
junction  of  the  two  fluids,  a green  ring  forming  above,  which 
lower  down  passes  into  blue  and  then  into  brown  near  the 
acid.  Gmelin’s  test  may  also  be  made  by  wetting  a piece  of 
filter-paper  with  the  suspected  fluid  and  then  adding  a drop 
of  fuming  nitric  acid  which  becomes  surrounded  by  coloured 
rings  as  described  above. 


QUESTIONS  AND  EXERCISES 

In  what  form  is  allmmen  familiar?  — Name  the  chief  tests  for 
albumen. — Why  is  the  administration  of  albumen  useful  in  cases  of 
poisoning?  — Mention  the  points  of  difference  between  yolk  and 
white  of  egg. — From  what  sources  other  than  egg  may  albumen  be 
obtained? — In  what  respects  does  fibrin  differ  from  albumen?  — 
Enumerate  the  chief  constituents  of  blood.  — How  may  fibrin  be 
obtained  from  blood? — Sbite  the  difference  between  casein,  fibrin, 
i and  albumen. — What  are  the  relations  of  cream,  butter,  curds  and 
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whey,  and  cheese,  to  milk? — Describe  the  microscopic  appearance 
of  blood  and  milk. — How  much  cream  should  be  obtained  from 
good  milk?  — What  is  the  percentage  of  water  in  genuine  milks  — 
Name  the  sources  of  vegetable  albumen  and  vegetable  casein.— Give 
the  i)ercentage  of  nitrogen  in  albumenoid  substances.— Describe  tlie 
chemical  nature  of  musk.— In  what  lie  the  peculiarities  of  gelatin- 
])roducing  substances  ? — To  what  extent  do  isinglass,  glue,  and 
size  differ  ?— Whence  is  pepsin  obtained,  and  how  prepared  ?— Give 
the  proximate  constituents  of  bile.— What  are  the  tests  for  bile? 


COLOURING-MATTERS 

The  animal,  vegetable,  and  mineral  kingdoms  abound  in 
more  or  less  brilliantly  coloured  natural  substances  which 
aiar  frecjuently  employed  as  dyes  or  pigments,  while  art  has 
richly  suiiplemented  the  number  of  such  natural  colouring- 
matters.  In  the  following  paragraphs  some  of  the  more 
useful  of  these  materials  are  enumerated  under  their  respective 
colours. 


Yeu.ow. — 1.  Chrome  yelhm  occurs  in  more  than  a dozen 
shades  {see  Lead  chromate).  2.  Fustic  or  yellow  V)Ood,  the 
wof)d  of  Rhus  Cotinus,  is  coloured  hyJiseLin,  its  leaves  by  myri- 
cethi  (Perkin).  3.  Gmuhoge  {see  j).  556).  4.  Ochre  is  met  with 
of  many  tints,  under  the  names  of  yellow  ochre,  gold  yellow, 
gold  earth  or  ochre,  yellow  sienna,  Chinese  yellow.  It  is  chiefly 
a mixture  of  iron  oxyhydroxides  with  alumina  and  lime.  It 
has  been  used  from  the  earliest  times.  5.  Orpiment  and 
King’s  yellow  are  arsenium  sulphides.  6.  Fersian  berries,  or 
Avignon  grains,  contain  a yellow  2:>rinciple  termed  rhamnin  and 
other  crystalline  bodies  ; they  are  the  product  of  two  or  three 
sjDCcies  of  Rhavmus.  7.  Purree,  piun  or  Indian  yellow,  is  said 
to  owe  its  colour  to  a magnesium  compound  of  enxanthin, 
CijiHisOj^.  8.  Qiiercilron  is  the  bark  of  Quercus  tincloria : 
it  contains  the  yellow  glucoside,  (juercilrin,  Co^H.^gO,.,.  9. 

Rhubarb  {see  Chrysophanic  acid).  10.  Sajfron  {Crocus,  B.P.), 
the  dried  stigma  and  part  of  the  style  of  Crocus  sativus,  jdelds 
'])olychroitc  or  crocin,  an  orange-red  glucoside.  Kayser  gives 
the  formula  of  crocin  as  C.  and  states  that  by  inter- 

action with  water  (THgO)  it  yields  crocetin,  Cg^H^gO,,,  and 
glucose  (OCgHjgOg).  Any  admixture  of  calcium  carbonate, 
barium  or  calcium  sulphate,  or  similar  powder,  with  _ saffron, 
is  readily  detected  by  j)lacing  a small  sample  in  a ghuss  of 
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warm  water  and  stirring,  when  insoluble  powder  is 
deposited.  “ Incinerated  with  free  access  of  air,  dried  saffron 
does  not  deflagrate,  and  yields  about  7 per  cent,  of  ash  ” 
(B.P.).  11.  Turmeric,  the  rhizome  of  Curcuma  longa,  owes  its 

yellow  colour  to  curcumin,  a substance  which  crystallizes  from 
alcohol  in  j)risms.  Jackson  and  Menke  state  that  curcumin 
is  an  acid,  and  that  its  formula  is  H.  2^14  Apparently 

two  yellow  pigments  are  present.  The  colouring-matters  ol 
turmeric  are  readily  dissolved  by  chloroform,  while  those  of 
saffron,  mustard,  or  the  best  East-Indian  rhubarb  are  not. 
On  this  fact  methods  of  detecting  turmeric  in  those  sub- 
stances have  been  founded.  12.  Weld  (^Reseda  luteolci)  con- 
tains a durable  yellow  matter  termed  luteolin  (C2„Hj403). 
13.  Picric  or  carhazotic  acid  (p.  504)  is  a very  powerful  yellow 
dye.  14.  Dried  and  powdered  carrots  yield  to  carbon  bi- 
sulphide a yellow  colouring-matter,  “carrotin,”  which  is 
obtained  on  evaporating  the  solvent.  It  is  said  to  be  used  in 
colouring  butter. 

Red. — 1.  Alkancl,  the  root  of  Alkauna  Hneiona,  Tausch, 
Auchuxa  tincloria,  Desf.,  yields  anchusin  or  alkannin, 
a resinoid  substance  soluble  in  oils  and  fat.  2.  Aniialio, 
arnallo,  or  aruollo,  a paste  prepared  by  evaporating  a strained 
aqueous  extract  of  the  seeds  of  Bira  Orellana,  contains  hixin, 
C,8H:„0„  an  orange-red,  and  orellin,  a yellow,  principle. 
3.  Brazil-wood  {C'ccxalpinia  Bra.ii  lien  sis)  furnishes  hrczilin, 
the  basis  of  several  lakes;  sappan-wood  {Sappan, 
13.  P.  Add.  1900,  the  heai'twood  of  Ca’salpinia  Sappan')  contains 
either  hrezilin  or  a closely  allied  substance,  sappanin ; Cam- 
wood, from  Bapliia  nitida,  contains  a similar  substance,  perhajis 
sanlalin.  4.  Cinnabar,  Chinese  red.  Vermilion,  or  Paris  red, 
is  mercuric  sulphide.  It  is  a very  ancient  red  pigment.  5. 
Chrome-red  is  a lead  oxychromate.  6.  Cochineal  (,vc<?  p.  369). 
7.  Madder,  the  root  of  Rulna  tinctona,  powdered  and  treated 
with  sulphuric  acid  and  acidulated  water  to  effect  the 
removal  of  earthy  and  other  inert  matters,  furnishes  a residual 
powder  termed  garancin.  Garancin  yields  to  ])ure  water 
alizarin,  {fufl^Oj,  the  red,  neutral,  crystallizable  colouring- 
matter  of  madder.  Alizarin  docs  not  exi.st  ready  formed  in 
the  plant,  but  is  derived,  by  fermentation,  from  a glucoside, 
termed  rubianic  acid.  Alizarin  is  now  largely  produced  arti- 
ficially from  anthracene,  f)iie  of  the  solid  constituents  of  coal- 
tar  (.ycc  p.  475).  8.  Mulberry-juice  contains  a violet-rcd 
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colouring-matter  wliich  has  not  been  chemically  examined. 
9.  Red  lead  {see  p.  25t)).  This,  and  the  following  red  ochre, 
are  very  ancient  red  coloiiring-matters.  10.  Red  iron  oxide, 
of  shades  varying  from  light  to  brown-red,  is  found  native. 
The  common  names  of  it  are  Armenian  bole,  Berlin  red,  col- 
cothar,  Englisli  red,  red  oclire,  burnt  ochre,  red  earth,  terra 
di  sienna,  mineral  purple,  stone-red,  and  Indian  red.  11. 
Red  sander.i-wood  or  Red  smidal-wood  or  barwood  (^Plerocarpi 
I.ignim,  B.P.),  the  billets  and  cliips  of  Pteroearpus  xaidalinux, 
owes  its  colour  to  .snnialin,  a crystalline  sub- 

stance possessing  an  acid  cliaracter.  Crystalline  plerocarpin, 
C,„IIy(),j,  and  honiopleroearpin,  Cj.^ll, „().),  are  also  present 
((\azcneuve).  12.  Red-Poppy  Petals  Qtha’ndos  Petala,  B.P.), 
from  Papaver  Rluras,  contain  a red  colouring  princi|3le  wliich 
has  not  yet  been  isolated  in  a state  of  purity.  The  author 
has  .sought  for  morphine  in  large  cpiantities  of  the  petals,  but 
could  not  find  a trace  of  that  alkaloid.  13.  Red- Rose  Petals 
(Rosa;  (lalliea;  Petala,  B.  P.),  and  those  of  the  Cabbage-Rose, 
also  yield  a red  substance  which  has  not  been  analysed.  14. 
Sq//loirer,  dyers  sajj'ron,  or  bastard  sajirou,  the  florets  of  ('ar- 
thanias  tinetorias,  contains  an  unimportant  yellow  dye,  and  5 
|)er  cent,  of  earthamin,  C],,Hj,.()-,  an  uncrystallizable  red  dye, 
the  jiigment  of  the  old  pinh  saucers.  Carthamin  seems  to  pos- 
sess acid  characters,  and  (like  silicic  acid  and  other  sub- 
stances) to  be  soluble  in  water  for  a certain  time  after 
liberation  from  its  alkaline  solution;  for  fabrics  are  dyed 
with  safflower  by  immersion  in  a bath  made  of  an  infusion  in 
dilute  alkali  neutralized  by  citric  acid  immediately  before 
use,  the  carthamin  probably  penetrating  the  cells  and  vessels 
of  the  fibres  in  a soluble  form,  there  becoming  insoluble  and 
imprisoned,  and  thus  giving  permanent  colour  to  the  wool, 
silk,  or  other  material.  Mixed  with  French  chalk,  carthamin 
is  used  as  a cosmetic  under  the  name  of  vegetable  rouge — car- 
mine being  animal  rouge,  and  red  iron  o.ride  the  mineral  rouge. 

15.  Lac-dpe  is  a cheap  form  of  cochineal,  and  is  also  yielded 
by  the  species  of  Coccus  whose  resinous  excretion  constitutes 
lac  {stick-lac,  .s-eed-lac,  or  shell-lac,  according  to  its  condition  as 
gathered  off  the  twigs  on  which  it  is  deposited,  or  as  roughly 
separated  from  impurities  in  seed-like  jiowder  or  lumps,  or 
as  melted  and  sejueezed  through  bags  into  shell-like  pieces). 

16.  Logwood.  (Ila;7nato.ryli  Lignum,  B.  P.)  contains  a _yellow 

•substance,  hanuato.i'yHn,  (0(j,II.^0  (or  3Ih,0),  to  which  any 

medicinal  uscfulnc.ss  of  the  wood  is  pcrha2)s  due,  and  which, 
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under  the  influence  of  air  and  alkali  or  ferments,  assumes  a 
very  intense  red  colour — h(eviatcin.  Under  the  joint  influence 
of  ammonia  and  air  haematoxylin  yields  greenish-violet  iri- 
descent scales  of  this  hoematein,  C^p^Hj20y)3H20.  17.  Red 

enamel  colours,  for  glass-staining  and  ceramic  operations,  are 
produced  either  by  cuprous  silicate  or  purple  of  Cassius 

(p.  221). 

Blue. — 1.  Cobalt  oxide  precipitated  in  combination  or  ad- 
mixture with  alumina  or  calcium  phosphate  forms  Thenard's 
blue,  cobalt-blue,  Hojfners  blue,  and  cobaltic  idlramarhie. 
2.  Smalt,  Saxonj/  blue,  or  Khig’s  blue  is  rough  cobalt  glass 
in  fine  p,)wder  (p.  152).  3.  Copper-bhie,  mountain-blue,  and 
English  or  Hambro’  blue  are  chiefly  copper  oxycarbonates. 
4.  Indigo,  B.  P.,  Cj^Hj^NgO.,,  is  a blue  colouring-matter  de- 
posited when  infusion  of  various  species  of  Indigofcra  is 
exposed  to  air  and  slight  warmth.  Under  these  circum- 
stances, indican,  a yellow,  transparent,  amorphous  substance, 
soluble  in  water,  breaks  up  into  indigo,  which  is  insoluble 
and  falls  as  a sediment,  and  a sugar  termed  indiglucin.  The 
indigo  is  collected,  drained,  pressed,  and  dried.  By  the 
action  of  reducing  agents  indigo  is  converted  into  soluble 
colourless  indigogen,  reduced  indigo,  or  indigo  ivliite  : 1 part  of 
powdered  indigo,  2 of  ferrous  sulphate,  3 of  ealcium 
hydroxide,  and  200  of  water,  shaken  together  and  set  aside 
in  a well-closed  bottle,  yield  this  colourless  indigo,  C^yHj2N20.,. 
Linen  or  cotton  yarn,  or  calico,  dipped  into  sucli  a solution 
and  exposed  to  air,  becomes  blue,  deposition  of  insoluble 
indigo-blue  occurring  within  the  cells  and  vessels  of  the  fibre. 
This  operation  is  readily  performed  on  a small  scale,  and 
forms  an  illustration  of  a characteristic  feature  of  the  art  of 
dyeing — namely,  the  introduction  of  soluble  colouring-matter 
into  a fabric  by  permeation  of  the  walls  of  its  cellular  and 
vascular  tissue,  and  the  imprisonment  of  that  colouring- 
matter  within  the  cells  and  vessels  by  conversion  into  a solid 
and  insoluble  form  {see  also  p.  159).  Pure  indigo,  or  indigotin, 
may  be  obtained  in  beautiful  needles  by  spreading  a paste  of 
indigo  and  plaster  of  Paris  on  a tin  plate,  and  when  (juitc  dry 
placing  a lamj)  underneath,  moving  the  latter  from  place  to 
place  as  the  indigo  sublimes  and  condenses  on  the  surface  of 
the  plaster.  It  may  also  be  obtained  in  crystals  by  gently 
boiling  finely  powdered  indigo  w'ith  aniline,  filtering  while 
hot,  and  setting  aside  ; these  crystals  may  be  w'ashcd  with 
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alcohol.  Hot  paraffin  may  be  employed  instead  of  aniline. 
Indigo  may  be  produced  artificially.  Toluene,  from  coal-tar, 
was,  by  Perkin’s  process,  converted  into  cinnamic  acid,  this 
into  a nitro-derivative,  and  this  again  into  orthonitrojjhenyl- 
j)ropiolic  acid.  From  the  latter,  alkali  and  grape  sugar 
deposited  crystalline  indigo  (Baeyer).  Other  methods  have 
since  been  devised.  5.  TJlmi/x,  lichcn-hhie,  turnsole,  orchil 
or  archil,  and  cudbear,  are  jiroducts  of  the  action  of  air 
and  alkalies  on  certain  colourless  principles,  as  orcin, 
C,. 143(011)., CH,,,  derived  from  different  species  of  lichen — 
Uoccella,  I'ariolaria,  and  Lecanora.  G.  Prussian  blue  (p.  181) 
and  'rurnbull's  blue  (p.  180)  are  met  with  under  the  names 
of  Krlangen,  iMuisa,  iSaavii,  Paris,  or  Berlin  blue.  7.  Ultra- 
marine, a very  old  blue  jugment,  formerl}'^  obtained  from  the 
rare  mineral,  lapis  lazuli,  is  now  cheaply  made  on  a large  scale 
by  roasting  a mixture  of  fine  white  clay,  sodium  carbonate, 
sulphur,  and  charcoal  or  rosin.  Its  constitution  is  not  well 
made  out.  Acids  decompose  it,  hydrogen  sulphide  escaping. 

PuHi’i.K. — See  MuHE.xin,  p.  397. 

Green. — 1.  Cu pro-arsenical  green  pigments  (p.  203). 
Most  of  the  ancient  greens  contain  coj)per  carbonate.  The 
original  emerald,  green  Avas  a hydrous  chromium  oxide,  but 
cupric  aceto-arsenite  is  now  sold  under  this  name.  2.  Chloro- 
phyll, leaf-green,  or  chromule,  is  the  substance  to  which  the 
leaves  of  plants  owe  their  green  colour.  It  is  resinoid, 
soluble  in  alcohol  and  ether,  insoluble  in  water,  and,  on 
decomposition,  yields  a yellow  and  a blue  substance  (the 
phyllocyanin  and  phylloxanthin  of  Fremy  and  of  Schunck). 
Recent  researches  tend  to  show  that  the  chlorophyll  obtained 
from  different  j)lants  varies  in  composition.  Chloroj)hyll 
would  probably  well  repay  extended  investigation.  3.  Sap- 
green,  buckthorn-,  vegetable-,  or  bladder- green,  knoAvn  also  as 
Chinese  green,  or  lokas,  is  obtained  by  evaporating  to  dryness 
a mixture  of  lime  and  the  juice  of  the  berries  of  buckthorn 
(^Rhamnus  catharticus).  It  is  soluble  in  Avater,  slightly  soluble 
in  alcohol,  and  insoluble  in  ether  and  oils.  4.  Green  ultra- 
marinc  is  made  by  a process  similar  to  that  for  blue 
ultramarine.  5.  Mixtures  of  blue  and  yelloAv  pigments  and 
dyes  are  common  sources  of  green  colours.  6.  Glass  and 
earthenware  are  coloured  green  by  chromic  oxide  and  cu[)ric 
oxide. 


BROWN ; BLACK ; WHITE ; ANILINE 


649 


Brown. — 1.  Umber,  sienna,  or  chestnut-brown  is  found 
native.  By  the  action  of  heat  it  is  darkened  in  tint,  and  is 
then  known  as  burnt  umber.  It  is  a mixture  of  ferric  oxide, 
silica,  and  alumina.  2.  Sepia  is  a dried  fluid  from  the  ink- 
bag  of  cuttle-fishes  (Sepiadee) ; by  its  ejection  into  adjacent 
water  the  animal  obtains  opportunity  of  escape  from  enemies. 
3.  Catechu  (p.  392)  furnishes  a brown  colouring-matter. 

Black. — 1.  Black/ead  (p.  338),  bone-black  (p.  338)  or  ivory- 
black,  and  lamp-black,  the  latter  a deposited  soot  from  the  in- 
complete combustion  of  rosin  and  tar,  are  varieties  of  carbon. 
2.  ihirnt  sugar,  or  caramel  (p.  564).  3.  Indian  ink  is  usually 

a dried  mixture  of  fine  lamp-black  and  size  or  thin  glue.  4. 
Black  writing  ink  consists  essentially  of  iron  tannates  and 
gallates  suspended  in  water  containing  a little  gum  in 
solution.  5.  Printer  s ink  is  well-boiled  linseed  or  other  oil, 
mixed  with  good  lamp-black,  vermilion,  or  other  pigment. 

6.  Black  dyes  are  frequently  of  the  same  nature  as  ink. 

7.  The  old  “ pigmentum  nigrum”  of  black  feathers,  such  as 
those  of  the  common  rook,  of  dark  hair,  and  probably  also  of 
the  skin  of  the  negro,  is,  doubtless,  the  black  substance  which 
remains  undissolved  when  black  feathers  are  digested  for 
some  time  in  dilute  sulphuric  acid.  It  is  said  to  have  the 
formula  CjgHj^N^Og  (Hodgkinson  and  Sorby). 

White  Pigments. — 1.  Chalk  or  whiting  (pp.  117,  122). 
2.  French  chalk,  .steatite,  talc,  or  soapstone,  is  largely  mag- 
nesium silicate.  3.  Heavy  while  (p.  113).  4.  Pearl-white 

(p.  258).  5.  Plaster  of  Paris  (p.  117).  6.  Starch  (p.  565). 

7.  White  lead  or  Cremnitz  white  (p.  250).  8.  Zinc  ivhile 

or  Chinese  tchilc  (p.  143).  9.  “Constant"  ivhitc  is  barium 

tungstate.  10.  Toilet  flake  white  is  bismuth  oxynitrate ; 
artists’ _/Zrt/-e  w/ii/e  is  a form  of  dry  white  lead  (p.  250).  11. 

Tin  and  zinc  oxides  and  calcium  phosphate  are  employed  for 
giving  a white  opacity  to  glass. 

Aniline  Colours.  Coal-tar  colours. — ^Within  the  past  few 
years  nearly  every  shade  of  colour  seen  in  the  animal  and 
vegetable  kingdoms  has  been  successfully  imitated  by  certain 
dyes  and  pigments  primarily  derived  from  a mineral,  coal. 
Coal  distilled  for  gas  furnishes  tar  or  gas-tar.  Coal-tar  con- 
tains .some  aniline;  but  especially  it  contains  a liquid  con- 
vertible into  aniline,  namely,  benzene  (C,.!!,.),  first  discovered 
by  haraday  in  compres.sed  oil-gas.  From  aniline,  by  oxida- 
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tion,  Runge  obtained  the  violet-colour  reaction,  the  substance 
producing  which  Perkin  afterwards  studied  and  isolated, 
and  manufactured  under  the  name  of  mauve.  Aniline-red 
(^fuchsine,  magenta,  or  rosaniline'),  aniline-yellow,  aniline-green, 
aniline-blue,  and,  in  short,  aniline-dyes,  lakes,  and  pigments 
of  the  most  varied  hue  are  now  common  aidicles  of  trade. 
Their  application  has  revolutionized  the  art  of  the  dyer  and 
colour-jjrinter.  Some  of  the  coal-tar  colours  are  not  “ani- 
line” colours,  being  derived  from  naphthalene,  phthalic  acid, 
phenol,  etc. 


QUESTIONS  AND  EXERCISES 

Mention  tlic  chief  yellow  colouring-matters  and  describe  their 
chemical  nature. — What  is  annatto? — N^ame  the  colorific  constituent 
of  madder.  Can  it  be  made  artificially  ? — State  the  source  of  litnms. 
— Distinguish  between  Prussian  blue  and  Turnbidrs  blue ; how  are 
they  manufactured? — How  are  they  affected  by  acids? — Describe  the 
chemical  nature  of  the  colouring  principle  of  leaves. — By  what  agents 
is  glass  coloured  green? — Whence  is  sepia  obtained? — Describe  the 
chemistry  of  black  ink. — Write  a few  sentences  on  aniline  colours. 


QUALrrA'PlVK  ANALYSIS  OL  SUHSTANCES 
HAVING  UNKNOWN  PROPERTIES 

Substances  are  presented  to  the  analyst  in  one  of  the 
three  forms  in  which  all  matter  exists — namely,  solid,  liquid, 
or  gaseous ; and  they  may  contain  animal  or  vegetable  as 
well  as  mineral  matter. 

'1  he  method  of  analysis  in  the  case  of  .solid  mineral  bodies 
has  been  described  on  pp.  406  to  416. 

Solid  animal  or  vegelable  .subslances  (or  mixtures  of  these 
with  mineral  bodies)  may  be  indefinite  and  beyond  the  grasp 
of  chemistry,  or  definite  and  quite  within  the  range  of  proxi- 
mate qualitative  organic  analysis.  The  presence  of  such 
substances  is  indicated  in  the  preliminary  examination  of  a 
solid  (pp.  407  to  410)  by  charring  and  other  characters.  R 
no  charring  occurs,  and  no  volatile  liquid  is  expelled  by  heat, 
the  absence  of  such  matter  is  indicated.  But  if  organic 
matter  is  present,  an  endeavour  is  made  to  ascertain  its  pic- 
cise  character.  The  analyst’s  knowledge  of  the  historj^  n 
the  substance,  or  the  circumstances  under  which  it  comes 
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into  his  hands,  will  probably  afford  a clue  to  its  nature,  and 
enable  him  to  search  directly  for  its  proximate  constituents. 
If  no  such  information  is  at  hand,  the  action  of  solvents  may 
be  emploj'^ed,  as  likely  to  afford  indication  of  the  general,  it 
not  of  the  precise,  nature  of  the  substance.  Water,  alcohol, 
ether,  chloroform,  carbon  bisulphide,  each  hot  and  cold,  may 
in  turn  be  agitated  with  the  substance  ; each  extract  may 
then  be  filtered,  a portion  of  the  filtrate  evaporated,  at  first 
partially,  setting  the  product  aside  for  the  deposition  ot 
crystals,  etc.,  and  afterwards  to  dryness ; and  any  deposit  or 
residue  may  be  examined  with  and  without  the  aid  of  a micro- 
scope. Other  portions  of  the  filtrate  may  be  treated  with 
acids,  alkalies,  and  solutions  of  such  metallic  salts  as  are 
commonly  used  as  group-reagents  for  acid  radicals  (p.  404). 
The  action  of  alkalies  as  well  as  acids,  dilute  and  concentrated, 
hot  and  cold,  may  also  be  tried  on  the  solid  substance  itself, 
and  colours,  odours,  and,  in  short,  any  effect  whatever,  be 
duly  noted.  A portion  of  the  substance  should  also  be  burnt 
in  an  open  porcelain  crucible  until  no  carbon  remains,  and 
the  ash,  if  any,  be  examined  ; its  amount  and  nature  may  afford 
information  leading  to  the  identification  of  the  substance. 

The  foregoing  experiments  having  been  carefully  per- 
formed, and  all  results  entered  in  the  note-book,  a little 
reflection  will  possibly  lead  to  recognition,  or  may  suggest 
further  direct  experiments  or  confirmatory  tests,  or  will,  at 
least,  have  pointed  to  the  absence  of  a very  large  number  of 
possible  substances,  and  thus  have  restricted  the  area  of 
inquiry  to  comparatively  narrow  limits.  The  success  attain- 
able in  (jualitative  proximate  organic  analysis  by  the  medical 
or  pharmaceutical  student  will  of  course  largely  depend  on 
the  thoroughness  with  which  the  operator  has  prosecuted  his 
study  of  practical  chemistry  generally ; but  it  will  be  con- 
siderably affected  also  by  the  extent  to  which  he  has  culti- 
vated the  art  of  observation,  and  the  oj)portunities  he  has  had 
of  acquiring  a knowledge  of  the  appearance,  uses,  and  common 
properties  of  definite  chemical  substances,  and  of  articles  of 
food,  drink,  and  medicine.  The  most  successful  of  several 
good  analysts  will  be  the  one  who  has  most  common  sense 
and  most  experience. 

I’he  pharmaceutical  student,  who  has  probably  already  had 
some  years  of  experience  in  pharmacy,  occupies  an  unusually 
favourable  position  for  prosecuting  the  proximate  analysis  of 
organic  and  inorganic  substances,  or,  at  all  events,  of  that 
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large  proportion  of  such  substances  met  with  in  the  domain  of 
liygiene  and  i)harmacy.  Many  substances  he  will  identify 
at  sight,  or  by  aid  of  a lens,  or  after  applying  some  simple 
physical  or  chemical  test.  Nor  should  he  find  much  difficulty, 
after  reaching  the  jiresent  point  of  practical  shuly,  in  deciding 
whether  the  solid  substance  under  examination  belongs  to  the 
class  of  organic  acids,  organic  salts  of  metallic  radicals,  alka- 
loids, alkaloidal  salts,  amylaceous  matter,  gums,  saccharine 
substances,  glucosides,  albumenoid  matters,  fats,  soaps, 
resins,  colouring- matters,  etc.  For  instance,  the  pharma- 
ceutical .student  will  find  less  difficulty  than  the  general 
student  in  successfully  analysing  a substance  occurring  in 
“scales,”  because  he  has  ex])crience  of  the  apj)earances  of 
compounds  commonl}'  ju'oduccd  in  that  form,  and  because, 
even  if  the  appearance  is  new  to  him,  he  knows  what  kind 
of  substances  most  readily  lend  themselves  to  production  in 
that  form.  While  the  general  .student  is  testing  generally, 
and  proceeding  eautiousl3^  or  searching  for  general  infor- 
mation in  books  of  reference,  the  pharmaceutical  or  medic;d 
.student  has  incinerated  .some  of  the  material,  noticed  whether 
or  not  the  ash  is  red  (iron)  and  strongly  alkaline  (potassium), 
treated  more  of  the  material  with  an  alkali  (for  ammonium), 
added  excess  of  ammonia,  and  examined  the  j)recipitate  (for 
cimdioniiie  or  (|uinii\e)  or  shaken  up  the  alkaline  licpiid 
siua'c.ssivcly  with  ether  and  chloroform,  and  tested  the 
residue  f)f  these  decanted  and  evaporated  solvents  (quinine, 
beberine,  strj’chnine),  and  examined  the  acjueous  solution  ot 
the  material,  or  one  of  the  filtered  alkaline  liquids,  in 
the  usual  way  for  acid  radicals  (citric,  tartaric,  sulphuric, 
hypophosphorous).  Or  he  has  modified  his  methods  to  include 
searcli  for  some  “scale  preparation”  which  his  special  know- 
ledge tells  him  has  been  newly  introduced  to,  or  is  rare  in, 
j)harmacy. 

In  (he  case  of  liquids,  the  solvents  as  w'ell  as  the  dissolved 
matters  claim  attention.  A few  drops  are  evaporated  to  diy- 
ness  on  platinum  foil  to  ascertain  it  solid  matter  ot  any  kind 
is  present ; the  liquid  is  tested  with  red  and  blue  litmus-paper, 
to  ascertain  if  free  alkalies,  free  acids,  or  neither  are  ]>resent; 
a few  drops  are  heated  in  a test-tube  and  the  odour  ot  aiij' 
va))our  noticed,  a jiiece  of  glass  tubing  bent  to  a right  angle 
being,  if  necessai’y,  adapted  to  the  test-tube  b}'  means  ot  a 
cork,  and  s(mic  of  the  distilled  licpiid  collected  and  examined  ; 
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finally,  the  usual  group-reagents  for  the  several  metallic 
and  acid  radicals  are  consecutively  applied. 

Proceeding  in  this  way,  the  student  who  has  already  had 
some  experience  in  ])harmacy,  will  not  he  likely  to  overlook 
such  solvents  as  water,  acids,  alkalies,  alcohol,  glycerin,  ether, 
chloi’oform,  benzene,  fixed  oils,  and  essential  oils,  or  to  miss 
the  substances  which  these  menstrua  may  hold  in  solution. 
He  will  probably  also  recognise  such  liquids  as  carbolic 
acid,  formic  acid,  lactic  acid,  methyl  alcohol,  aldehyde, 
aniline,  nitrobenzene.  He  must  not,  however,  suppose  that 
he  will  always  be  able  to  qualitatively  analyse,  say,  a bottle 
of  medicine  so  as  to  ascertain,  with  certainty,  the  substance 
from  which  it  has  been  compounded  ; for  the  various  infusions, 
decoctions,  tinctures,  wines,  syrups,  liniments,  confections, 
extracts,  pill-masses,  and  powders  contain  vegetable  matters 
many  of  which  are  at  present  almost  beyond  the  reach  of  the 
analyst.  Neither  the  highest  skill  in  analysis  nor  the  largest 
amount  of  experience  concerning  the  odour,  appearance, 
taste,  and  uses  of  drugs  is  sufficient  for  the  certain  detection 
of  all  these  vegetable  matters.  Skill  and  experience  com- 
bined, however,  will  do  much  ; and  in  most  cases  even  so 
difficult  a task  as  the  one  just  mentioned  may  be  accomplished 
with  reasonable  success.  Obviously,  qualitative  analysis 
alone  will  not  enable  the  operator  to  produce  a mixture  of 
substances  similar  to  that  analysed  ; to  this  end  recourse 
must  be  had  to  quantitative  analysis,  a subject  treated  sub- 
sequently. 

Natural  fluids,  as  “ Milk  ” and  “ Urine,”  admit  of  special 
analytical  treatment  (.see  pp.  637  and  672). 

G ax-ana  I i/xix  is  a branch  of  chemical  analysis,  chiefly  of  a 
quantitative  character,  concerning  which  information  must 
be  sought  in  other  treatises.  The  analysis  of  atmospheric 
air  from  various  localities,  coal-gas,  and  the  gases  produced  in 
many  technical  operations  or  obtained  in  chemical  researche.s, 
involves  appliances  and  methods  which  are  scarcely  within 
the  sj)here  of  chemistry  as  applied  to  pharmacy  or  medicine. 
Beyond  the  recognition,  therefore,  of  oxygen,  hydrogen, 
nitrogen,  chlorine,  carbonic  anhydride,  sulphurous  anhydride, 
nitrous  gases,  hydrogen  sulphide,  etc.,  the  experimental  con- 
sideration of  the  chemistry  of  gaseous  substances  may  be 
omitted.  'I’heir  study,  however,  should  not  be  neglected,  as 
existing  theoretical  conceptions  regarding  chemical  sub- 
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stances  are  largely  dependent  on  the  observed  physical 
behaviour  and  cliemical  relationships  of  gaseous  compounds 
(&c  pp.  13  to  25  ; 36  to  39  ; 43  to  64.) 

Spectrum  Auah/xis. — It  mayr  be  Avell  to  state  here  that  the 
preliminary  and  final  examinations  of  minute  quantities  of 
solid  matter  mayq  in  certain  cases,  profitably  include  their 
exposure  to  a temperature  at  which  they  emit  light,  the 
flame  being  physically  analysed  by  means  of  a spectroscope, 
'riie  spectroscope  consists  essentially  of  a prism  to  decompose 
a ray  of  light  into  its  constituent  colours,  with  tubes  and 
lenses  to  collect  and  transmit  the  ray  or  rays  to  the  eye  of 
the  observer.  The  material  to  be  examined  is  placed  on  the 
end  of  a platinum  wire,  which  is  then  brought  within  the 
edge  of  the  flame  of  a spirit-lamp  or  llunsen  burner  ; volatili- 
zation, attended  usually  in  the  case  of  a compound  by  decom- 
position, at  once  occurs,  and  in  presence  of  certain  substances 
the  flame  is  tinged  with  a characteristic  hue.  When  ex- 
amined by  means  of  the  spectroscope  the  various  coloured 
flames  arc  found  to  be  due  in  each  case  to  rays  of  certain 
definite  degrees  of  refrangibility,  the  latter  being  indicated 
by  the  arrangement  of  coloured  “ lines  ” images  of  the 
slit)  present  in  the  specirnm  of  the  substance  under  examina- 
tion. Sodium  compounds,  when  examined  in  this  way,  give 
yellow  light  only,  indicated  by  a double  band  of  light  in  a 
j)osition  corresponding  to  a ])ortion  of  the  yellow  part  of  an 
ordinary  solar  spectrum.  The  potassium  spectrum  is  mainly 
composed  of  a red  and  violet  band  ; lithium  gives  a crimson, 
and,  at  very  high  temperatures,  a blue  band,  and  so  forth. 

lly  passing  white  light  through  a coloured  substance  an 
‘^absorption  spectrum”  will  be  produced  which  is  often 
characteristic,  as  in  the  case  of  blood  or  chlorophydl,  solution 
of  potassium  permanganate,  etc. 


CHEMICAL  TOXICOLOGY 

In  cases  of  criminal  and  accidental  poisoning,  the  sub- 
stances presented  to  the  chemical  analyst  for  examination 
are  usually  articles  of  food,  medicines,  or  vomited  matters; 
or  the  liver,  kidneys,  intestines,  stomach  and  contents, 
removed  in  course  of  post-mortem  examination.  In  these 
cases  some  special  operations  are  necessary  before  the  poison 
can  be  isolated  in  a state  of  sufficient  purity  for  the  appliea- 
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tion  of  tlie  usual  tests ; for  in  most  instances  the  large 
quantity  of  animal  and  vegetable,  or,  in  one  word,  organic 
matter  present,  prevents  or  masks  the  characteristic  reactions 
on  which  the  tests  are  founded.  These  operations  will  now 
be  described  * ; they  form  the  chemical  part  of  the  subject 
of  Toxicology  (ro^t/cov,  to.ricon,  poison,  and  Aoyos,  logos',  dis- 
course). 

Substances  occurring  apparently  as  definite  salts  or  un- 
mixed with  organic  matter  need  no  special  treatment.  They 
are  analysed  by  the  ordinary  methods  already  given,  atten- 
tion being  restricted  to  poisonous  compounds. 

EXAMINATION  OK  AN  ORGANIC  MIXTURE  SUSPECTED  TO  CONTAIN  : 

MERCURY,  ARSENIUM,  ANTIMONY,  LEAD,  COPPER,  CHROMIUM, 
OR  zinc;  SULPHURIC,  NITRIC,  HYDROCHLORIC,  OXALIC,  OR 
HYDROCYANIC  ACID  ; CAUSTIC  ALKALIES  ; PHOSPHORUS  ; 
STRYCHNINE,  MORPHINE,  OR  OTHER  POISONOUS  ALKALOID. 

Prelhninarij  Exainincition. 

Odour,  Appearance,  etc. — Smell  the  mixture,  with  the 
view  of  ascertaining  the  presence  or  absence  of  any  notable 
quantity  of  free  hydrocyanic  acid.  Look  carefully  for  any 
small  solid  particles,  such  as  white  arsenic,  corrosive  sublimate, 
or  verdigris,  and  for  any  appearance  which  may  be  regarded 
as  abnormal,  any  character  unusual  to  the  coffee,  tea,  beer, 
medicine,  vomit,  coats  of  stomach,  kidney,  liver,  or  other 
organ,  tissue,  or  solid  matter  under  examination. 

Polsonoux  Ouanlily  of  Acid. — Add  to  a small  portion  some 
solution  of  sodium  carbonate,  with  the  view  of  ascertaining 
by  strong  effervescence  the  presence  of  any  large,  poisonous 
quantity  of  sulphuric,  nitric,  or  hydrochloric  acid  (p.  658). 

PoisonoH.<i  Ouanlily  of  Alkali. — If  so  excessively  alkaline 
as  to  require  the  addition  of  a very  large  quantity  of  acid 
before  neutralization  is  effected,  a noxious  quantity  of  a 
corrosive  or  caustic  alkali  is  present.  Wliether  soda  or 
Jiotash,  etc.,  is  present  is  ascertained  by  the  usual  tests. 

* Materials  for  these  experiments  are  readily  obtained  for  edu- 
(•ational  purposes  by  dissolving  the  poison  in  infusions  of  tea  or 
coffee,  in  porter  or  in  water  to  which  some  starcli  mucilage  or 
linseed  meal,  pieces  of  bread,  jiotato,  and  fat  have  been  added. 
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Special  Instructums  may  induce  the  operator  to  susjiect 
the  jireseiice  of  one  particular  imison.  Direct  examination 
for  the  latter  may  then  be  made,  either  at  once,  if  the 
substance  has  an  atpieous  character,  or  when  filtration  or 
treatment  with  warm  hydrochloric  or  acetic  acid  has  afforded 
a more  or  less  colourless  liquid. 

Fluids. — A vomit  or  the  contents  of  a stomach,  if  set  aside 
in  a long  narrow  vessel  (test-glass  or  ale-glass),  or,  better, 
exposed  on  a filter  during  a night,  will  often  yield  a more 
or  less  limpid  portion  at  the  bottom  or  top  of  the  solid 
matter.  'I'his  fluid  (separated  by  a pipette  or  otherwise)  will 
sometimes  respond  to  tests  Avithout  further  preparation,  and 
always  rccpiires  less  j)reparatory  treatment  than  a semi-solid 
mixture.  If  none  j)asses  through  a filter,  a portion  often 
collects  as  a lacuna  in  the  upper  part. 

(ieueral  Procedure. — If  the  preliminary  examination  does 
not  indicate  the  method  to  be  pursued,  proceed  as  follows, 
treating  a portion  (not  more  than  one-fourth)  of  the  mixture 
for  the  poisonous  metahs,  another  for  the  acids,  and  a third 
for  alkaloid.s,  reserving  the  remainder  for  any  special  exj)eri- 
ments  Avhich  may  suggest  themselves. 

K.xaiuiuaiiou  for  Mercunj,  Ar-seuiuin,  /Inlwionij,  Lead, 
Copper,  Chromium,  Zinc. 

If  a liquid,  acidulate  with  hydrochloric  acid  and  boil  for 
a short  time.  If  solid  or  semi-solid,  cut  up  the  matter  into 
small  jneces,  add  enough  water  to  form  a fluid  mixture,  stir 
in  10  to  20  per  cent,  of  pure  concentrated  hydrochloric 
acid,  and  boil  until,  from  partial  aggregation  and  solution  of 
the  solid  matter,  filtration  can  be  effected.  i 

Heat  a portion  of  the  clear  liejuid  wdth  a thin  piece  of  ^ 
bright  pure  copper  or  copper  gauze,  about  an  inch  long  and  i 
a quarter  of  an  inch  broad,  for  about  ten  to  twenty  minutes ; 
metallic  mercury,  arsenium,  or  antimony  will  be  dejiosited  on 
the  copper,  darkening  it  considerably  in  colour.  Pour  off  , 
the  li(]uid  from  the  cojqicr,  carefully  rinse  the  latter  with  a n 
little  cold  water,  dry  tlie  piece  of  metal  by  holding  it  over  t 
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or  near  a flame  (using  fingers,  not  tongs,  or  it  may  become 
sufficiently  hot  for  loss  of  mercury  or  arsenium  to  occur  by 
volatilization),  introduce  it  into  a narrow  test-tube  or  piece 
of  glass  tubing  closed  at  one  end,  and  heat  the  bottom  of  the 
tube  in  a flame,  holding  it  horizontally  so  that  the  upper  part 
of  the  tube  may  be  kept  cool,  and  partially  closing  its  mouth 
with  the  finger  to  prevent  escape  of  vapour.  Under  these 
circumstances  any  mercury  will  volatilize  from  the  copper  and 
condense  on  the  cool  part  of  the  tube  in  a ring  or  patch  of 
white  sublimate,  readily  aggregating  into  visible  globules  on 
being  pressed  by  the  side  of  a thin  glass  rod  inserted  into 
the  tube ; arsenium  will  volatilize  from  the  copper,  and,  unit- 
ing with  oxygen  from  the  air  in  the  tube,  will  condense  on 
the  cool  part  of  the  glass  in  a ring  or  patch  of  white  sublimate 
of  arsenic  (grey  or  even  darker  if  much  arsenium  as  well  as 
arsenic  be  present),  not  running  into  globules  when  rubbed, 
but  occurring  in  small  crystals,  the  characteristic  octahedral 
form  of  which  {see  p.  196)  is  readily  seen  by  aid  of  a good 
hand-lens  or  the  low  power  of  a microscope  ; antimony  volatil- 
izes from  the  copper  if  strongly  heated,  and,  uniting  with 
oxygen,  immediately  condenses  as  a slight  white  deposit  of 
antimonious  oxide  close  to  the  copper.  {See  p.  211.) 

Confirmatory  Tests. — 1.  Nothing  short  of  the  production  of 
globules  should  be  accepted  as  evidence  of  the  presence  of 
mercury.  It  will  usually  have  existed  as  corrosive  sublimate. 
2.  To  confirm  indications  of  the  presence  of  arsenium,  a 
portion  of  the  acid  liquid  may  be  subjected  to  the  hydrogen 
tests  (pp.  197-200);  or  the  tube  containing  the  white  crys- 
talline arsenic  may  be  broken,  and  the  part  on  which  the 
sublimate  occurs  boiled  for  some  time  in  water,  and  the 
hydrogen  sulphide,  ammonio-silver  nitrate,  and  ammonio- 
copper  sulphate  tests  (pp.  203,  204)  apjdied  to  the  aqueous 
solution.  3.  For  antimony,  a portion  of  the  acid  liquid  must 
always  be  introduced  into  the  hydrogen-apjjaratus  with  the 
usual  precautions.  {See  p.  211.)  4.  Any  sulphur  pi’esent 

may  darken  the  copper,  and  such  stained  copper  may  subse- 
(juently  yield  a whitish  sublimate  of  sulphur  on  the  sides  of 
the  subliming  tube ; such  appearances,  therefore,  are  con- 

2 T 
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sistent  with  the  entii'e  absence  of  mercury,  arsenium,  and 
antimony. 

Note. — Befoiaj  finally  concluding  that  arsenium  is  absent 
from  a fluid,  tlie  latter  should  be  warmed  with  a little  sul- 
phurous acid,  and  the  ordinary  tests  then  again  applied ; for 
arsenic  acid  and  other  arsenates  are  not  readily  affected  by 
the  usual  reagents  for  arsenium. 

For  lead  and  copper,  pass  hydrogen  sulphide  through  the 
clear  acidulated  liejuid  for  some  time,  warming  the  liquid  if  no 
j)recipitate  is  jwoduced,  or  diluting  and  partially  neutralizing 
the  acid  by  addition  of  ammonia  if  much  acid  has  been  added. 
Collect  on  a filter  any  black  precipitate  that  may  have  formed  ; 
wash,  dissolve  in  a few  drops  of  aqua  regia,  dilute,  and  apply 
tests,  such  as  ammonia  for  copper,  sulphuric  acid  for  lead,  or 
any  other  of  the  ordinary  reagents  (pp.  231,  254). 

Copper  mnij  often  he  at  once  detected  in  a small  quantity  of 
acidulated  liquid  by  immersing  the  point  of  a penknife  or 
a jiiece  of  bright  iron  wire — a deposit  of  eopper,  in  its 
charaeteristic  colour,  quickly  or  slowly  appearing,  according 
to  the  amount  present  (p.  231). 

Chrominni  and  Zmc. — To  the  acid  liquid  through  Avhich 
hydrogen  sulphide  has  been  passed,  add  excess  of  ammonia 
(or  to  the  original  acid  liquid  add  excess  of  ammonia,  and  then 
ammonium  hydrosulphide) ; a preeipitate  falls  which  may 
contain  alumina,  phosphates,  chromium,  and  zinc.  (It  is 
usually  blackish,  from  the  presence  of  ferrous  sulphide.) 
Collect  the  precipitate  on  a filter,  wash,  dissolve  in  a little 
hydrochloric  acid,  add  a few  drops  of  nitric  acid,  boil,  pour  in 
excess  of  ammonia,  filter,  and  test  the  filtrate  with  ammonium 
hydrosulphide ; a white  precipitate  indicates  zinc.  A green 
precipitate  would  indicate  chromium.  Chromates  should  also 
be  sought  for  (p.  185). 

Exandnatio7i  for  Mineral  Acids,  and  for  Oxalic  and  Ih/drori/aiiw 

Acids. 

'J'o  detect  kijdroch/oric,  nitric,  or  sn/p/inric  acid  in  a liipiiJ 
containing  organic  matter,  dilute  with  water  and  apply 
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small  portions  the  usual  tests  for  each  acid,  disregarding 
indications  of  small  quantities.  (See  pji.  287,  309,  333.) 

Excessive  acidity,  copious  evolution  of  carbonic  anhydride 
on  the  addition  of  sodium  cai’bonate,  and  very  strongly 
marked  reactions  on  the  application  of  the  usual  reagents  to 
small  portions  of  the  fluid  presented  for  analysis,  collectively 
form  suflicient  evidence  of  the  occurrence  of  a poisonous 
amount  of  either  of  the  three  common  mineral  acids,  but  in 
important  cases  quantitative  analyses  should  be  made.  Small 
quantities  of  the  hydrochloric,  nitric,  and  sulphuric  radicals, 
occurring  as  metallic  salts  or  acids,  are  common  normal  con- 
stituents of  food  ; hence  the  direction  to  disregard  insignifi- 
cant indications.  If  the  fluid  under  examination  be  a vomit 
or  the  contents  of  a stomach,  and  an  airtidote  has  been 
administered,  free  acid  may  not  be  found,  but,  instead,  a 
large  amount  of  the  corresponding  salt. 

For  oxalic  acid,  filter  or  strain  a portion  of  the  liquid,  if 
not  already  clear,  and  add  solution  of  lead  acetate  so  long  as 
a precipitate  is  produced  ; collect  the  precipitate,  which  in 
any  case  is  only  partly  lead  oxalate,  on  a filter,  wash,  transfer 
it  to  a test-tube  or  test-glass,  add  a little  water,  and  pass 
h3nlrogen  sulphide  through  the  mixture  for  a short  time  ; any 
lead  oxalate  is  thus  converted  into  insoluble  lead  sulphide, 
while  oxalic  acid  is  set  free  in  the  solution.  Filter,  boil  to 
get  rid  of  hydrogen  sul])hide,  and  to  the  clear  filtrate  apply 
the  usual  tests  for  oxalic  acid  (see  p.  345). 

The  contents  of  a stomach  containing  oxalic  acid  will  often 
be  of  a dark-brown  colour  with  a tinge  of  green  (altered  blood 
and  mucus),  and  the  viscid  mixture  generally,  though  slowly, 
affords  some  clear,  limpid,  almost  colourless,  liquid  by  filtra- 
tion or  on  standing. 

For  hydrocyanic  acid,  the  tliree  chief  tests  may  be  applied 
at  once  to  the  liquid  or  semi-liquid  organic  mixture,  whether 
it  has  an  odour  of  hj’droc3'anic  acid  or  not.  First: — Half  fill 
a small  porcelain  crucible  with  the  material,  add  eight  or  ten 
drops  of  concentrated  sulphuric  acid,  stir  gently  with  a glass 
rod,  and  invert  over  the  mouth  of  the  crucible  a watch-glass 
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moistened  with  a small  dro2^  of  solution  of  silver  nitrate;  a 
white  film  on  the  silver  solution  is  probably  silver  cyanide, 
formed  by  the  action  of  the  gaseous  hydrocyanic  acid  on  the 
silver  nitrate.  Second  : — Prejoare  a small  quantity  of  the 
organic  mixture  as  before,  slightly  moistening  the  centre  of 
the  watch-glass  with  solution  of  caustic  jiotash  ; here,  again, 
the  heat  generated  by  the  action  of  the  concentrated  acid  is 
sufficient  to  volatilize  some  of  the  hydrocyanic  acid,  which, 
interacting  witli  the  caustic  jiotash,  forms  potassium  cyanide. 
On  removing  the  watch-glass  and  stirring  into  it  successively 
solution  of  a ferrous  salt,  a ferric  salt,  and  hydrochloric  acid, 
flocks  of  Prussian  blue  are  produced  if  hydrocyanic  acid  is 
present.  'I'hird  : — Proceed  as  before,  moistening  the  watch- 
glass  with  yellow  ammonium  hydrosulphide;  after  ex]30sure 
to  the  hydrocyanic  acid  gas  for  five  to  ten  minutes,  add  a 
(Iroj)  of  solution  of  ammonia,  eva})orate  to  dryness  at  a low 
temperature,  then  add  a drop  of  hydrochloric  acid  and  of 
solution  of  ferric  chloride  ; a blood-red  colour,  due  to  ferric 
thiocyanate,  is  j)roduced  if  cyanogen  is  present. 

If  the  above  reactions  are  not  well  marked,  the  organic 
mixture  may  be  carefully  and  slowly  distilled  in  a small 
retort,  the  neck  of  which  passes  into  a bottle  and  dips  be- 
neath the  surface  of  a little  water  at  the  bottom  of  the  bottle ; 
the  reagents  may  then  be  apjjlied  to  separate  portions  of  the 
distillate. 

The  examination  of  organic  mixtures  for  hydrocyanic  acid 
must  be  made  without  delay,  as  the  poison  soon  begins  to 
decompose,  and  in  a day  or  two  may  be  destroyed. 

Examinalion  for  Phosphorus. 

A ixiste  containing  phosphorus  is  commonly  employed  for 
destroying  vermin.  In  cases  of  poisoning,  the  phosphorus 
is  generally  in  sufficient  quantity  to  be  recognised  by  its 
characteristic  unpleasant  smell.  A stomach  in  which  it 
occurs  not  infrecjuently  exhibits  slight  luminosity  if  opemd 
ill  a dark  room.  When  the  phosphorus  is  too  small  in  quan- 
tity or  too  much  diffused  to  afford  this  appearance,  a iiortion 
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of  the  material  is  placed  in  a flask,  water  acidulated  with 
sulphuric  acid  added,  a long  wide  glass  tube  fitted  to  the 
neck  of  the  flask  by  a cork,  and  the  mixture  gently  boiled. 
If  phosphorus  is  present  (even  1 part  in  2,000,000,  according 
to  De  Vrij)  the  top  of  the  column  of  steam  as  it  condenses  in 
the  tube  will  appear  distinctly  phosphorescent  when  viewed 
in  a dark  room.  From  its  liability  to  oxidation,  phosphorus 
cannot  be  detected  after  much  exposure  of  an  organic  mixture 
to  air. 

Examination  for  Strychnine  and  Morphine, 

Stn/ehnine. — If  solid  or  semi-solid,  digest  the  matter  with 
water  and  about  10  per  cent,  of  hydrochloric  acid  till  liquid, 
filter,  evaporate  to  dryness  on  a water-bath.  If  the  organic 
mixture  is  already  liquid,  it  is  simply  acidulated  with  hydro- 
chloric acid  and  evaporated  to  dryness.  The  acid  residue  is 
next  treated  with  alcohol  (90  per  cent.)  as  long  as  anything 
is  dissolved,  the  filtered  tincture  evaporated  to  dryness  over 
the  water-bath,  and  the  residue  digested  in  water  and  filtered. 
This  slightly  acid  aqueous  solution  must  now  be  rendered 
alkaline  by  the  addition  of  ammonia,  and  well  shaken  in  a 
closed  bottle  or  long  tube  with  about  half  an  ounce  of  chloro- 
form, and  set  aside  till  the  chloroform  has  subsided.  The 
chloroform  (which  contains  the  strychnine)  is  then  removed 
by  means  of  a pipette,  the  presence  of  any  aqueous  liquid 
being  carefully  avoided,  and  evaporated  to  dryness  in  a small 
basin  over  a water-bath,  the  residue  moistened  with  concen- 
trated sulphuric  acid,  and  the  basin  kept  over  the  water-bath 
for  several  hours.  (It  is  highly  imj)ortant  that  the  sulphuric 
acid  used  in  this  operation  should  be  free  from  nitrous  com- 
pounds. Test  the  acid,  therefore,  by  adding  powdered 
ferrous  sul[)hate,  which  becomes  pink  if  nitrous  compounds  are 
present.  If  these  are  found,  the  acid  should  be  purified 
by  .strongly  heating  with  ammonium  sul])hate,  70  or  80 
grains  to  a i)int.)  The  charred  material  is  exhausted  with 
water,  filtered,  excess  of  ammonia  added,  the  filtrate  shaken 
with  about  a cpiarter  of  an  ounce  of  chloroform,  the  mixture 
set  aside  for  the  chloroform  to  separate,  and  the  chloroform 
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again  removed.  If  on  evaporating  a small  portion  of  this 
chloroform  solution  to  dryness,  adding  a drop  of  sulphuric 
acid  to  the  residue,  and  warming,  any  darkening  of  colour  or 
charring  takes  place,  the  strychnine  is  not  sufficiently  pure 
for  chemical  detection  ; in  that  case  the  rest  of  the  chloro- 
form must  be  removed  by  evaporation,  and  the  residue  re- 
digested in  warm  sulphuric  acid  for  two  or  three  hours. 
Dilution,  neutralization  of  acid  b}'  addition  of  ammonia,  and 
agitation  with  chloroform  is  again  j)ractised,  and  the  residue 
of  a small  jiortion  of  the  chloroform  solution  once  more  tested 
with  suljdniric  acid.  If  charring  still  occurs,  the  treatment  . 
must  be  rej)cated  a third  time.  Finally,  a part  of  the  chloro- 
form  solution  is  taken  u])  by  a pipette  and  drop  after 
drop  evaporated  on  one  sjiot  of  a porcelain  crucible-lid  until  • 
a fairly  distinct  dry  residue  is  obtained.  A drop  of  sulphuric 
acid  is  placed  on  the  sjiot,  another  drop  placed  near,  a 
minute  fragment  of  potassium  bichromate  placed  in  the  « 
second  drop,  and,  when  the  acid  has  become  tinged  with  the 
chrumate,  one  droj)  drawn  across  the  other;  the  character-  J 
istic  evanescent  purple  colour  is  then  seen,  if  strychnine  is  J- 
jn'esent.  Other  te.sts  (.vcc  p.  CIO)  may  be  ap2)lied  to  similar  > 
spots. 

'I  bis  is  Girdwood  and  Rogers’s  method  for  the  detection 
of  strychnine  when  mixed  with  organic  matter.  It  is  tedious 
but  trustworthy,  and,  though  aj)parently  complicated,  very 
simple  in  ])rinciple,  thus — strychnine  is  soluble  in  acidulated 
water  or  alcohol,  or  in  chloroform,  readily  removed  from  an 
alkaline  liquid  by  agitation  with  chloroform,  and  not  charred 
or  otherwise  attacked  when  heated  to  212°  F.  (100°  C.)  with 
sulj)huric  acid  : much  of  the  organic  matter  of  the  food  is  in-  I 

soluble  in  water  ; of  that  soluble  in  water,  much  is  insoluble  | 
in  alcohol ; and  of  that  .soluble  in  both  menstrua,  all  is  charred  B 
and  destroyed  by  warm  sulj)huric  acid  iji  a shorter  or  longer  1 
time.  (<Vcc  also  Stas’s  general  process,  p.  6G4.)  f 

Morphine  and  the  Mcconic  Acid  with  which  it  ix  axsociated  m 1 

Opium. — To  the  licpiid  or  the  semi-li(juid  mixture,  warmed  for  | 

some  time  with  a small  ([uantity  of  acetic  acid,  filtered,  and  U 
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concentrated  if  necessary,  add  solution  of  lead  acetate  until 
no  further  precipitate  is  produced.  Filter  and  examine  the 
precipitalc  for  meconic  acid,  reserving  the  Jillraie  for  the 
detection  of  morphine. 

The  precipitate. — Wash  the  precipitate  (lead  meconate, 
etc.)  with  water,  place  it  in  a test-tube  or  test-glass  with  a 
small  quantity  of  water,  pass  hydrogen  sulphide  through  the 
mixture  for  a short  time,  filter,  slightly  warm  in  a small 
basin,  well  stirring  to  promote  removal  of  excess  of  the  gas, 
and  add  a drop  of  neutral  solution  of  ferric  chloride ; a red 
colour,  due  to  the  formation  of  ferric  meconate,  is  produced 
if  meconic  acid  is  present.  This  colour  is  not  destroyed  on 
boiling  the  liquid  after  the  addition  of  one  drop  of  dilute 
hydrochloric  acid,  as  is  the  case  with  ferric  acetate,  nor  is  it 
bleached  by  solution  of  corrosive  sublimate,  thus  distinguish- 
ing it  from  ferric  thiocyanate.  It  is  discharged  by  hydro- 
chloric acid. 

The  Filtrate. — The  solution  from  which  meconic  acid  has 
been  removed  by  adding  lead  acetate  is  evaporated  to  a small 
bulk  over  a water-bath,  excess  of  potassium  carbonate  added, 
and  evaporation  continued  to  dryness.  The  residue  is  then 
treated  with  alcohol,  which  dissolves  the  morphine.  The 
alcoholic  solution  similarly  evaporated  may  leave  the  mor- 
phine sufficiently  pure  for  the  application  of  the  usual  tests 
(xee  p.  598)  to  small  portions  of  the  residue.  If  no  reaction 
is  obtained,  add  a drop  of  sulphuric  acid  and  a little  water  to 
the  residue,  and  shake  with  ether,  in  which  the  morphine 
salt  is  in.soluble.  The  treatment  with  ether  may  be  repeated 
until  nothing  more  is  removed,  the  acid  aqueous  liquid 
saturated  with  potassium  carbonate,  the  mixture  evaporated 
to  drynes.s,  the  residue  digested  in  alcohol,  filtered,  and 
portions  of  the  alcoholic  liquid  evaporated  to  obtain  spots  of 
morphine  for  the  application  of  the  ordinary  tests. 

If  much  organic  matter  is  believed  to  remain  in  the  filtrate 
after  the  lead  acetate  treatment,  or  if  a considerable  excess 
of  lead  acetate  has  been  emjiloyed,  the  filtered  licjuid  should 
be  subjected  to  a cun-ent  of  liydrogen  sulphide  until  no  more 
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lead  sulpliide  is  precipitated ; the  mixture  should  then  be 
filtered,  and  the  filtrate,  with  the  washings  from  the  lead 
sulphide,  evaporated  to  a small  bulk,  excess  of  potassium 
carbonate  added,  the  whole  well  mixed  and  agitated  with 
twice  or  thrice  its  bulk  of  a mixture  of  ether  and  acetic  ether 
(ether  alone  would  not  dissolve  the  morphine).  On  standing, 
the  ethereal  liquid  rises  to  the  surface  : it  is  carefully  removed, 
evaj)orated  to  dryness,  and  the  residue  tested  or  further 
j)urified  in  the  manner  described  in  the  preceding  paragraph. 

The  examination  for  morphine  must  be  conducted  with 
great  care,  and  witli  as  large  a quantity  of  material  as  can 
be  spared  ; for  its  isolation  irom  other  oi’ganic  matter  is  an 
operation  of  difficulty,  especially  when  only  a minute  propor- 
tion of  alkaloid  is  present.  Fortunately  the  detection  of 
meconic  acid  does  not  involve  similar  difficulties  ; and  as  its 
reactions  are  quite  characteristic,  its  presence  is  held  to  be 
strong  evidence  of  the  existence  of  opium  in  an  organic 
mixture. 

]<lravn)uilum  for  other  Poisonoits  Alkaloids. 

Stas’s  Procp.,ss. — Minutely  subdivide  any  solid  matter ; to 
this  and  the  liquid  portion  of  the  vomit,  etc.,  add  about 
twice  tlieir  weight  of  alcohol  (90  or  95  per  cent.)  containing 
sufficient  tartaric  acid  to  fairly  acidify  the  mixture.  Digest 
the  whole  in  a flask  at  a temperature  of  160°  to  160°  F. 
(65'5°  to  71°  C.) ; set  aside  to  cool;  filter.  The  solution, 
which  will  contain  the  whole  of  the  alkaloid,  should  then  he 
evaporated  nearly  to  dryness  in  vacuo,  or  at  all  events  at  a 
temperature  not  exceeding  100°  F.  (37'7°  C.),  lest  volatile 
alkaloids  should  be  dissipated.  I'he  residue  is  next  exhausted 
with  cold  absolute  alcohol ; filtered ; ;ind  the  filtrate 
evaporated  to  dryness  with  the  precautions  already  stated. 
The  extract  is  dissolved  in  a very  small  ejuantity  of  water, 
treated  with  excess  of  powdered  sodium  or  potassium  bicar- 
bonate, and  well  shaken  with  five  or  six  times  its  volume  of 
pure  ether  (with  perhaps  a little  acetic  ether).  This  ethereal 
liquid  contains  the  alkaloid.  Small  portions  should  he 
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evaporated  in  watcli -glasses  and  tasted,  or  tested  physically 
and  chemically,  according  as  the  knowledge  of  collateial 
circumstances  hy  the  operator,  or  his  experience,  or  such 
reactions  as  are  recorded  on  pp.  613-632  may  suggest. 

If  a volatile  alkaloid  (conine,  nicotine,  lobeline,  sparteine) 
is  indicated,  the  ethereal  solution,  which  may  contain  animal 
matter,  is  removed,  agitated  with  aqueous  solution  of  caustic 
potash,  decanted,  and  shaken  with  dilute  sulphuric  acid.  On 
standing,  the  aqueous  portion,  containing  the  alkaloid  as 
acid  sulphate,  subsides ; the  upper  ethereal  portion  contain- 
ing the  animal  matter  is  rejected  ; the  acid  aqueous  liquid 
is  made  alkaline  with  caustic  potash  or  soda ; ether  is  added, 
and  the  whole  well  shaken  ; the  ethereal  liquid  is  decanted, 
evaporated  to  dryness  in  vacuo,  or  at  a low  temperature,  and 
(to  get  rid  of  all  traces  of  ammonia)  again  moistened  with 
ether  and  dried.  The  residue  is  now  tested  for  the  suspected 
alkaloid  by  taste,  smell,  and  the  application  of  appropriate 
reagents  (pp.  613-632). 

If  a non-volatile  alkaloid  (aconitine,  atropine,  brucine, 
colchicine,  emetine,  hyoscyamine,  physostigmine,  solanine, 
veratrine,  as  well  as  morphine,  codeine,  and  strychnine,  etc.) 
is  indicated,  further  purify  by  decanting  the  ethereal  liquid 
from  the  low'er  aqueous  solution  of  sodium  bicarbonate, 
removing  the  ether  by  evaporation,  digesting  the  residue  in 
alcohol,  filtering,  evaporating  the  alcohol,  treating  the  re- 
sidue w'ith  dilute  sulphuric  acid,  setting  aside  for  a few 
hours,  filtering,  concentr/iting,  adding  powdered  potassium 
carbonate,  and  finally  anhydrous  alcohol.  The  alcoholic 
liquid,  on  evaporation,  yields  the  alkaloid  in  a fit  condition 
for  testing  in  the  manner  already  stated. 

Sonnenschein's  Process. — Digest  with  dilute  hydrochloric 
acid,  evaporate  to  the  consistence  of  .syrup,  dilute,  set  aside 
for  some  hours,  filter.  Add  solution  of  phosphomolyhdic  acid 
so  long  as  any  precipitate  is  produced,  or  cloudiness  appears  ; 
collect  the  precipitate  on  a small  filter ; wash  it  with  water 
containing  phosjdiomolyhdic  and  nitric  acid.s,  and,  while  still 
moist,  place  it  in  a flask.  Decompo.se  this  compound  of  j)hos- 
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phomolybclic  acid  and  alkaloid  by  adding  caustic  baryta  until 
tlie  stirred  mixture  is  distinctly  alkaline.  Distil  off  volatile 
alkaloids,  eoiidensing  and  collecting  these  by  help  of  a long 
tube  so  bent  that  the  apparatus  shall  act  as  a retort,  the  end 
of  the  tube  being  attached  to  a bulb  or  a series  of  bulbs  con- 
taining dilute  hydrochlorie  acid.  The  acid  liquid  yields  on 
evaporation  a residue  of  hydi-ochlorides  of  alkaloids.  The 
latter  will  afford  characteristie  reactions  with  the  tests  for 
the  suspected  alkaloid,  and,  on  being  moistened  with  baryta- 
water  and  warmed,  will  afford  fumes  of  volatile  alkaloids  the 
odour  of  which  is  usually  characteristic.  The  residue  in  the 
flask  will  contain  non-volatile  alkaloids.  It  is  treated  with 
carbonie  anhydride  to  neutralize  and  precipitate  the  excess 
of  baryta  as  insoluble  barium  carbonate ; the  mixture  is 
evaporated  to  dryness  over  a water-bath  ; and  the  residue 
digested  in  alcohol.  'I’he  alcoholic  solution  evaporated 
generally  yields  the  alkaloids  in  a fit  state  for  testing. 


Rea  gents  for  Alkaloids. 

Phosphomolybdic  acid  forms  with  ammonium  salts,  in 
nitric  acid  solution,  a remarkably  insoluble  compound ; and 
it  behaves  in  a similar  manner  with  salts  of  those  compounds 
which  are  more  or  less  analogous  to  ammonia — the  nitro- 
genous organic  bases — consecpiently  forming  an  excellent 
reagent  for  their  detection.  It  may  be  prepared  in  the 
following  manner:  A solution  of  ammonium  molybdate  is 
mixed  with  sodium  jihosphate,  whereby  a precipitate  of  am- 
monium phosphomoiybdate  is  produced  ; the  yellow  precipi- 
tate, having  been  washed,  is  diffused  through  water,  and 
heated  with  suHicient  sodium  carbonate  to  dissolve  it.  The 
solution  is  then  evaporated  to  dryness,  and  calcined  to  drive 
off  the  ammonia.  In  case  any  of  the  molybdic  compound  he 
reduced  by  this  operation,  the  residue  must  be  moistened 
with  nitric  acid,  and  again  calcined.  The  dry  mass  is  then 
dissolved  in  cold  water,  the  solution  strongly  acidulated  with 
nitric  acid,  and  w'ater  added  until  ten  parts  of  the  solution 
contain  one  of  the  dry  salt.  The  liquid,  which  is  of  a golden- 
yellow  colour,  must  be  preserved  from  contact  with  am- 
moniacal  fumes.  It  precipitates  all  the  alkaloids  (with  the 
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exception  of  urea)  when  a mere  trace  only  is  present.  The 
precipitates  are  yellow,  generally  Hocculent,  insoluble  in 
water,  alcohol,  ether,  and  dilute  mineral  acids,  with  the 
exception  of  phosphoric  acid.  Nitric,  acetic,  and  oxalic 
acids,  concentrated  and  boiling,  dissolve  them.  These  com- 
pounds are  decomposed  by  the  alkalies,  certain  metallic 
oxides,  and  the  alkali-metal  salts,  which  separate  the  alkaloid. 
To  give  an  idea  of  the  sensitiveness  of  this  reagent,  it  may 
be  stated  that  0 ’000071  gramme  of  strychnine  gives  an 
appreciable  precipitate  with  one  cubic  centimetre  of  the 
solution  of  phosphomolybdic  acid. 

Phosphoantimonic  and  phosphotungstic  acids  are  also  pre- 
cipitants  of  alkaloids.  Platinum,  iridium,  palladium,  and 
gold  chlorides  are  occasionally  serviceable.  Tannic  and 
picric  acids,  too,  may  be  used,  and  a solution  of  iodine  and 
potassium  iodide. 

Other  special  reagents  for  alkaloids  are  “ Mayer’s  ” ; 
“Nessler’s”  (^see  p.  718);  the  double  potassium  and  cadmium 
iodide ; and  a solution  of  the  double  potassium  and  bismuth 
iodide.  The  latter  is  made  (by  Thresh)  by  mixing  together 
one  ounce  of  Liquor  Bismuthi,  B.P.,  90  grains  of  potassium 
iodide,  and  90  grains  of  concentrated  hydrochloric  acid. 
This  orange-coloured  solution  gives  a red  precipitate  with 
dilute  cold  solutions  containing  alkaloids. 

Ptomaines  (TTTiojMa,  a corpse)  have  already  been  alluded  to 
as  including  poisonous  alkaloids  producible  from  putrefying 
animal  matters,  even  the  human  body  itself,  during  the 
ordinary  processes  of  decay.  They  are  di.stinguished,  accord- 
ing to  Brouardel  and  Boutmy,  by  a droj)  or  two  of  a solution 
of  their  sulphate  converting  a drop  of  solution  of  potassium 
ferricyanide  itito  ferrocyanide,  the  mixture  then  giving  a 
dark-blue  precipitate  with  a ferric  salt.  Some  other  sub- 
stances also,  as  morphine,  possess  this  converting  power. 

Tijrolo.vicon. — 'Phis  ptomaine  (p.  594)  may  be  isolated  and 
tested  as  follows : Prepare  an  aqueous  extract  of  the  cheese, 
or  filter  the  coagulated  milk,  etc.  No  heat  should  be  applied, 
and  undue  exposure  to  air  should  be  avoided  by  using  stop- 
j)ered  bottles.  Make  the  filtered  fluid  faintly  alkaline  with 
sodium  carbonate,  and  well  shake  with  half  its  bulk  of  ether. 
Allow  the  perfectly  clear  separated  ethereal  solution  to 
evaporate  sjjontaneously  ; and,  if  necessary,  again  extract  the 
resulting  acjueous  re.sidue  with  water,  shaking  with  ether, 
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evaporating  as  before,  and  testing  the  residue  in  two  or  tliree 
ways.  A little  placed  on  the  tongue  and  swallowed  will 
cause  more  or  less  of  nausea,  vomiting,  purging,  and  headache. 
Again,  the  residue  is  either  characteristically  crystalline,  or 
will  become  so  after  standing  in  a vacuum  over  sulphuric  acid. 
Mix  two  or  three  drops  of  sulphuric  acid  and  carbolic  acid  on  a 
white  plate,  and  add  a few  drops  of  the  aqueous  residue  just 
mentioned  ; if  an  orange-red  or  purple  colour  results,  the 
presence  of  tyrotoxicon  may  be  suspected,  but  any  nitrate  or 
nitrite  present  may  cause  a similar  colour.  To  some  of  the 
a([ueous  residue  add  an  equal  volume  of  a saturated  solution 
of  caustic  potash  ; the  double  potassium  and  diazobenzene 
hydroxide  is  then  formed  and  appears  in  six-sided  plates, 
whereas  any  potassium  nitrate  app(;ars  in  prisms.  This  resi- 
due may  be  treated  with  absolute  alcohol,  filtered,  and  the 
filtrate  evaporated,  when  tlie  plates  may  again  be  observed  or 
the  colour  reaction  again  obtained  with  this  purified  product 
(Vaughan). 

“Chloral  Hydrate,”  p.  523,  and  “Chloroform,”  p.  459,  are 
now  included  in  “Tart  2 of  Schedule  A”  as  “poisons  within 
the  meaning  of  the  Pharmacy  Act,  1808.”  “ Cantharides  ” 

is  in  “Part  1.”  Its  active  principle  is  isolated  as  described 
on  page  549,  and  is  recognized  by  its  blistering  action  on  the 
less  cx]ioscd  j)ortions  of  the  skin. 


AN'l'IDOTKS. — See.  “Antidotes”  in  the  Index. 


QUESTIONS  AND  EXERCISES 

In  examining  food  and  similar  matter  for  poison,  why  must  not 
the  ordinary  tests  for  the  poison  be  at  once  applied  ?— What  prelimin- 
ary o])erc'itions  should  be  performed  on  a vomit  in  a case  of  suspected 
])oisoning? — How  would  you  search  for  corrosive  sublimate  in  wine? 
Hy  what  series  of  operations  would  you  satisfy  yourself  of  the  presence 
or  absence  of  arsenic  in  the  contents  of  thestom.ach? — Describe  the 
treatment  to  which  decoction  of  coffee  should  be  subjected  in  testing  i 
for  tarbir-emetic.  -State  how  the  occurrence  of  lead  in  water  is  demon- 
strated.—Give  a process  for  the  detection  of  copper  in  jam.— Ho'V 
would  you  detect  zinc  in  a vomit? — How  may  the  j)resencc  of  nua.  i 
sulphuric  acid  in  gin  be  proved? — In  testing  ale  for  nitric  acid  w in 

reactions  would  you  select? — Show  how  you  would  conclude  tnat 

dangerous  quantity  of  hydrochloric  acid  had  been  added  to  . , 

Describe  the  manipulations  neces.sary  in  testing  for  hydrocyanic  nci 
in  the  contents  of  a .stomach.— By  what  method  is  (ixahc  acicl  m - 
covered  in  infusion  of  coffee  ?— How  is  jihosphoriis  detected  m orga 
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mixtures  ?— Give  the  process  by  which  strychnine  is  isolated  from  a 
vomit. — Mention  the  experiments  by  which  the  presence  of  laudanum 
in  porter  is  demonstrated. — Name  the  antidotes  in  cases  of  poisoning 
by  : — a,  alkaloids  ; h,  antimonials  ; c,  arsenic  ; d,  barium  salts  ; e, 
copper  compounds  ; f,  hydrochloric  acid  ; g,  hydrocyanic  acid  ; A,  lead 
salts  ; (,  corrosive  sublimate ; _/,  nitric  acid  ; k,  oxalic  acid ; /,  silver 
salts  ; m,  oil  of  vitriol ; n,  tin  liquors  ; o,  zinc  salts  ; p,  carbolic  acid. 


exa:\iination  of  urine  and  calculi 

The  various  products  of  the  natural  and  continuous  decay 
of  animal  tissue  and  the  refuse  matter  of  food  are  eliminated 
from  the  system  chiefly  as  faeces,  urme,  and  expired  air.  Air 
exhaled  from  the  lungs  carries  off  from  the  blood  much 
carbon  (about  8 ozs.  in  24  hours)  in  the  form  of  carbonic 
anhydride,  and  some  aqueous  vapour^ — -the  latter,  together 
with  a small  amount  of  oily  matter,  also  escaping  by  the  skin. 
Directing  the  breath  to  a cold  surface  renders  moisture 
evident ; and  breathing  through  a tube  into  lime-water 
demonstrates  the  presence  of  a considerable  quantity  of 
carbonic  anhydride.  The  faeces  consist  mainly  of  insoluble 
debris  of  the  food,  mucus  from  the  intestine,  and  residues 
from  the  biliary  and  other  intestinal  secretions,  the  soluble 
matters  and  water  forming  the  urine.  These  excretions  vary 
considerably,  according  to  the  food  and  general  habits  of  the 
individual  and  the  external  temperature.  But  in  disease  the 
variations  become  excessive ; hence  their  detection  by  the 
medical  practitioner,  or  by  the  pharmacist  for  the  medical 
man,  is  a matter  of  importance. 

An  analysis  of  faeces  or  air  cannot  be  made  with  sufficient 
ease  and  rapidity  to  be  practically  available  in  medical  diag- 
nosis. But  with  regard  to  urine,  certain  abnormal  substances 
and  abnormal  quantities  of  normal  constituents  may  be 
chemically  detected  in  the  course  of  a few  minutes  by  any 
one  having  already  some  knowledge  of  chemical  and  micro- 
scopical manipulation. 

The  total  amount  of  urine  voided  daily  under  normal  con- 
ditions varies  considerably,  the  chief  factors  in  causing  varia- 
tion being  the  amount  of  fluid  taken  into  the  body,  and  the 
temperature  of  the  surroundings  which  causes  inverse  changes 
in  the  quantities  of  water  removed  by  the  skin,  and  in  the 
expired  air.  The  average  daily  outj)ut  may  be  placed  at  two 
to  three  pints  in  the  adult  (1000  to  1500  c.c.). 
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1 he  amount  and  character  of  the  solid  constituents  of  urine 
vary  with  the  character  and  quantity  of  the  diet,  and  the 
amount  of  muscular  work  and  corresponding  tissue  changes. 
The  average  amount  of  total  solids  is  usually  given  at  70 
grammes  ])er  diem,  of  which  40  grammes  consist  of  organic 
matter  and  30  grammes  of  inorganic  salts.  The  composition 
of  the  solids  may  be  stated  in  round  numbers,  in  grammes,  as 
follows: — urea  33,  creatinine  0-9,  uric  acid  0-5,  hippuric  acid 
0-4,  })igment  and  other  organic  substances  10,  chlorine  7'5, 
suli)luiric  acid  (SO,,)  2,  phosphoric  acid  (PPs)  3,  sodium  11, 
potassium  2'5,  calcium,  magne.sium,  and  ammonium  T2. 

'I'he  urea  wliich  is  present  to  a considerable  extent  in 
urine,  is  the  form  in  which  the  most  of  the  waste  nitrogen 
is  eliminated  from  the  system.  Its  empirieal  form  is 


(X)N.^H,.  Its  structural  formula  may  be  written,  CO' 


'NH„ 

,nh;’ 

that  is,  it  may  be  regarded  as  carbamide  or  as  one  of  the 
organic  bases  already  referred  to,  a ])rimary  diamine,  in 
which  the  bivalent  radical  CO  occupies  the  place  of  H„. 
The  other  atoms  of  hydrogen  may  be  displaced  by  various 
radicals,  and  many  componnd  urcafi  thus  be  obtained. 

Aiil/icial  Urea. — Urea  may  be  prepared  artificially  by 
William.s’s  modification  of  Wohler’s  method.  Potas.sium 
cyanide,  of  the  best  commercial  (juality  (containing  about  90 
))er  cent,  of  real  cyanide),  is  fused  at  a very  low  red  heat  in 
a shallow  iron  vessel  ; red  lead  is  added  in  small  quantities  at 
a time,  the  temperature  being  kej)tdown  by  constant  stirring. 
When  the  red  lead  ceases  to  cause  further  action,  the  mix- 
ture (potassium  cyanate  and  lead)  is  allowed  to  cool,  the 
product  finely  jmwdered,  exhausted  with  cold  water,  barium 
nitrate  added  till  no  more  precijiitate  (barium  carbonate) 
falls,  the  mixture  filtered,  and  the  filtrate  treated  with  lead 
nitrate  so  long  as  lead  cyanate  is  thrown  down.  The  latter 
is  thoroughly  washed,  and  dried  at  a low  temperature. 
Equivalent  quantities  of  lead  cyanate  and  ammonium  sulph- 
ate digested  in  a small  quantity  of  water  at  a gentle  heat 
(xee  p.  370)  and  filtered,  yield  a solution  from  which  urea 
crystallizes  on  cooling. 

Another  pi-oce.ss. — Basaroff  has  found  that  urea  is  produced 
when  ordinary  ammonium  carbonate  is  heated  in  .strong 
hermetically  sealed  tubes  to  about  275°  F.  (135°  C.)  for  a 
few  hours.  'I'he  same  chemist  had  previously  obtained  urea 
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by  similarly  heating  pure  ammonium  carbamate  ; so  that  the 
source  of  the  urea  in  the  former  case  is  probably  the  ammo- 
nium carbamate  believed  to  occur  in  the  carbonate  (see  p.  98). 

NH^NH.CO,-  Hp  = CO(NH.^).^ 

Tests  for  Urea. — 1.  Crystals  of  urea,  cautiously  heated  in 
a test-tube,  give  an  odour  of  ammonia,  and  a substance  called 
biuret  is  formed,  which,  when  dissolved  in  water,  gives  a rose 
red  colour  on  adding  a trace  of  cupric  sulphate  and  excess  of 
caustic  potash. 

2.  Concentrated  solutions  of  urea,  such  as  are  obtained  by 
evaporating  normal  urine  to  one-fourth  of  its  bulk,  give  with 
an  equal  volume  of  concentrated  nitric  acid  an  abundant  crop 
of  crystals  of  urea  nitrate,  in  octahedra  and  hexagonal  prisms. 
Oxalic  acid  under  similar  conditions  yields  flat-rhombohedr.il 
prisms. 

3.  Nitrous  acid  or  hypobromites  give  a brisk  effervescence 
; of  nitrogen. 

4.  Caustic  alkalies  cause  an  evolution  of  ammonia.  A 
similar  production  of  ammonia  is  caused  by  several  micro- 
organisms, notably  micrococcus  ureie  which  is  the  cause  of  the 
decomposition  of  urea,  with  evolution  of  ammonia,  observed  in 
stale  urine.  An  enzyme  has  been  isolated  from  this  organism 
which  also  decomposes  urea  with  evolution  of  ammonia. 

Physical  PjXamination  of  Urine 

Normal  urine  varies  in  colour  from  a light  straw  yellow  to 
H dark  brown,  the  average  being  a golden  yellow.  The  pig- 
ment present  in  largest  quantity  and  to  which  the  normal 
colour  of  urine  is  almost  wholly  due  is  urochrome.  'I’he  other 
pigments  present  are,  urobilin,  uroerijthrin,  and  lucmatoporphiirin. 
The  presence  of  blood  causes  a variation  in  colour  from  a 
slight  smoky  brown  to  a deep  red  according  to  the  amount 
of  blood.  Bile  gives  the  urine  a greenish-brown  colour. 
Both  colour  and  odour  ai*e  much  influenced  by  certain  kinds 
of  food  and  by  some  drugs,  Thus  santonin  and  chrysophanic 
acid  colour  the  urine  orange.  To  distinguish  these  add 
caustic  soda,  which  gives  a red  colour ; shake  with  amyl 
alcohol,  when  the  colour  if  due  to  .santonin  dissolves  in  the 
alcohol  and  then,  in  contact  with  air,  changes  to  yellow;  the 
colour  due  to  chrysophanic  acid  does  not  dissolve  in  the  amyl 
alcohol  or  only  in  traces  (Hoppe-Seyler).  The  odour  of 
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diabetic  urine  not  infrequently  is  that  of  acetone,  from  the 
presence  of  that  substance.  Many  drugs,  for  example,  cubebs, 
and  some  foods,  as  asparagus,  give  special  odours  to  urine. 

Fresh  urine  is  clear.  Any  turbidity  may  be  due  to  urates, 
phosphates,  fat-globules,  or  jms.  Urates  redissolve  when  the 
urine  is  warmed  ; phosphates  by  the  addition  of  acetic  acid  ; 
])us  and  fat  are  detected  by  the  microscope,  vide  infra.  If 
the  urine  be  turbid  from  the  presence  of  jihosphates  when 
first  voided,  it  may  be  due  to  conversion  of  urea  into 
ammonium  carbonate,  which  precipitates  the  phosphates 
within  the  bladder,  in  which  case  the  fresh  and  warm  urine 
will  effervesce  slightly  on  the  addition  of  acetic  acid.  This 
condition  is  abnormal. 

On  standing,  healthy  urine  commonly  gives  a slight  cloud 
of  mucu.s,  and  after  severe  exercise  may  give  a sediment  of 
u rates. 

'I'he  s))ccific  gravity  of  urine  should  be  taken  on  a specimen 
removed  from  the  whole  bulk  excreted  in  twenty  or  twenty- 
four  hours;  the  normal  specific  gravity  varies  between  U016 
and  U025.  Many  qualitative  experiments  and  all  quantita- 
tive o])erations  should  only  be  performed  on  the  mixed  urine 
of  twenty-four  liours. 

Healthy  urine  when  fresh  is  always  slightly  acid,  the 
acidity  being  due  to  the  presence  of  acid  sodium  phosphate. 
Alkalinity  is  probably  due  to  that  conversion  of  urea  into 
ammonium  carbonate  within  the  bladder  already  described. 


KXAMINATION  OK  MOIIHII)  UIUNK  KOR  ALBUMEN,  SUGAR,  BILE,  BLOOD, 
EXCESS  OK  UREA,  DEKICIENCY  OF  CHLORIDES,  ETC.;  AND 
URINARY  SEDIMENT  KOR  URATES  (oR  LITHATEs),  FHOSI’II ATES, 
CALCIUM  OXALATE,  AND  URIC  ACID. 

Albumen. — Faintly  acidulate  a portion  of  the  clear  urine 
in  a test-tube  with  a few  drops  of  dilute  acetic  acid  (to  keep 
phosphates  in  solution),  and  boil;  flocks  or  coagula  will 
separate  if  albumen  be  present.  To  detect  small  quantities, 
nearly  fill  a long  test-tube  with  clear  urine  filtered  if  necessary, 
and  faintly  acidulated  with  acetic  acid  ; then,  holding  the 
tube  by  its  lower  end,  boil  the  upper  portion  of  the  urine.— 
A cloudiness  in  the  boiled  portion  (as  compared  with  the 
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unboiled  portion),  which,  on  furtlier  addition  of  a few  drops 
of  acetic  acid,  does  not  disappear,  indicates  the  presence  of 
albumen. — Or,  place  a little  nitric  acid  in  a test-tube ; then 
carefully  pour  down  the  side  a little  of  the  urine,  so  that  it 
may  lie  above  the  acid.  If  albumen  be  present,  an  amorphous 
whitish  ring  or  coagulum  will,  sooner  or  later,  be  formed 
at  the  junction  of  the  fluids  (Heller’s  test). 

These  experiments  should  first  be  made  on  normal  urine 
containing  a drop  or  two  of  solution  of  white  of  egg.  The 
coagulum  is  white  if  it  is  only  albumen,  greenish  if  bile- 
pigment  be  present,  and  brownish-red  if  the  urine  contain 
blood.  The  influence  of  acids  and  alkalies  on  the  precipi- 
tation of  albumen  is  noticed  on  page  634. 

A saturated  solution  of  picric  acid  at  once  precipitates 
any  albumen  from  urine.  Should  the  urine  be  alkaline,  it 
must  be  acidulated  before  applying  this  test.  On  warming 
the  mixture,  the  precipitate  will  become  more  pronounced  if 
due  to  the  albumen  or  globulin  of  blood,  or  to  any  modifica- 
tions of  albumen  caused  by  acidity  or  alkalinity  of  urine  ; but 
\vill  disappear  if  due  to  peptone  or  propeptone.  Potassium 
ferrocyanide,  also,  will  precipitate  the  former  varieties  of 
albumen,  but  not  the  peptones. 

Other  forms  of  proteid. — Halliburton  suggests  the  following 
sequence  of  operations  for  the  detection  of  the  various  forms 
of  proteid  which  may  occasionally  be  present  in  abnormal 
urine.  1.  If  the  urine  gives  no  precipitate  on  boiling  after 
acidulation,  albumen  and  globulin  are  absent.  If  a precipitate 
occurs,  albumen  or  globulin  or  both  are  present.  2.  If  the 
urine  after  neutralization  gives  no  precipitate  on  saturation 
with  magnesium  sulphate,  globulin  and  hetei’o-proteose  are 
absent.  If  such  a precipitate  occurs,  one  or  other  is  present. 
3.  If  the  urine  be  saturated  with  ammonium  sulphate,  filtered, 
and  the  filtrate  gives  no  xanthoproteic  or  biuret  reaction — 
a rose-red  colour  with  cupric  sulphate  and  a large  excess  of 
caustic  potash — peptone  is  absent.  4.  If  the  urine  gives  no 
precipitate  on  boiling  after  acidulation,  no  precipitate  with 
nitric  acid,  and  no  precipitate  on  adding  ammonium  sulphate 
to  saturation,  peptone  can  be  the  only  proteid  present. 
Confirm  this  by  the  biuret  reaction. 

The  occurrence  of  albumen  in  the  urine  may  be  temporary 
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and  of  but  little  importance ; or  it  may  indicate  the  existence 
of  a serious  affection,  known  as  Bright’s  disease.  “ Albumen- 
uria  is  rarely  a serious  condition  unless  it  is  sufficiently 
pronounced  to  be  made  out  by  the  cold  nitric  acid  test” 
(Steward). 

For  (juantitative  purposes,  Esbach  employs  the  picric  test, 
dissolving  10  parts  of  picric  acid  and  20  of  citric  acid  in  900 
of  water,  by  aid  of  heat,  and  when  the  solution  is  cold, 
diluting  with  water  to  1000  parts.  This  solution  is  added  to 
a given  volume  of  urine  in  a graduated  Cetti’s  Esbach  tube, 
and  the  height  of  the  precipitate  is  noted  after  24  hours. 
Johnson  finds  a simj)le  solution  of  5 grains  of  picric  acid  in 
1 fluid  ounce  of  water  better  than  Esbach’s  solution,  because 
the  exce.ss  of  acid  in  the  latter  tends  to  precipitate  much 
uric  acid  which  would  be  reckoned  as  albumen.  If  necessary, 
a standard  value  is  given  to  the  solution  in  the  first  instance 
by  washing,  drying  and  weighing  the  albumen. 

A jieculiar  form  of  albuminuria  called  “ Bence  Jones 
Albumosuria  ” has  now  been  described  in  a considerable 
number  of  cases.  It  is  connected  with  a uniformly  fatal 
multiple  ulceration  and  softening  of  bone,  and  the  proteid 
present  is  intermediate  between  albumen  and  the  albumoses, 
l)eing  coagulable  at  a low  temperature  (60°  C.)  and  redissolv- 
ing to  a great  extent  on  boiling.  It  is  also  different  from 
ordinary  albumen  in  being  readily  soluble  on  boiling  with 
hydrochloric  acid. 

Sugar. — To  a portion  of  the  clear  urine  in  a test-tube  add 
five  to  ten  drojxs  of  solution  of  cupric  sulphate ; jjour  in 
solution  of  caustic  potash  or  soda  until  the  precipitate  first 
formed  is  re-dissolved ; slowly  heat  the  solution  to  near  the 
boiling-point ; a yellow,  yellowish-red,  or  red  precipitate 
(cuprous  oxide)  is  formed  if  sugar  be  present.  (The  produc- 
tion of  a rose-red  or  pink  tint  with  the  cold  alkaline  cupric 
solution  indicates  the  presence  of  albumoses  or  peptones.) 

This  experiment  should  first  be  made  on  urine  containing 
a drop  or  two  of  solution  of  grape-sugar  (p.  560).  The  cupric 
hydroxide  precipitated  by  the  alkali  is  insoluble  in  excess  of 
j)ure  caustic  potash  or  soda,  but  readily  dissolves  if  organic 
matter,  especially  sugar,  be  present.  'I'he  cuiiric  salt  should 
not  contain  iron. 
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Other  tests  may  be  applied  if  necessary  (see  pp.  560  and 
563).  See  also  the  Quantitative  Determination  of  Sugar  on 
p.  799.  In  any  case  in  which,  while  the  copper  test  points 
to  sugar,  medical  diagnosis  does  not  point  to  diabetes,  the 
copper  test  should  be  checked  by  a fermentation  test,  for 
after  the  administration  of  chloral,  camphor,  morphine,  phenol, 
and  many  other  drugs,  there  may  temporarily  occur  in  the 
urine  a compound  termed  gh/curonic  acid,  which  with  the 
copper  test  affords  a reaction  identical  with  that  of  sugar. 

Sugar  is  present  in  minute  traces  only  in  normal  urine. 
In  searching  for  small  quantities,  uric  acid  and  creatinine, 
which  also  reduce  the  copper  - solution,  should  first  be 
removed  by  precipitation  with  solution  of  mercuric  chloride 
(in  the  presence  of  sodium  acetate,  which  promotes  the  pre- 
cipitation), and  removal  of  excess  of  mercury  from  the  clear 
liquid  by  addition  of  ammonia.  Normal  urine  rotates  the 
plane  of  polarization  of  light  slightly  to  the  left,  but  if  even  a 
small  amount  of  sugar  be  present,  dextro-rotation  results.  In 
larger  quantities  (often  5 per  cent.)  sugar  is  a characteristic 
constituent  of  the  urine  of  diabetic  patients,  greatly  increas- 
ing the  specific  gravity  of  the  secretion.  Small  hydrometers 
(termed  urinojneters)  are  commonly  employed  for  ascertaining 
the  specific  gravity  of  urine. 

Bile. — This  is  detected  by  the  dark  greenish-brown  colour 
of  the  urine  and  by  the  general  tests  described  on  p.  643. 
In  doubtful  cases  the  urine  should  be  thoroughly  shaken  up 
with  a little  chloroform,  which  dissolves  the  bile-pigments, 
and  Gmelin’s  test  applied  to  the  separated  chloroform.  Oliver 
recommends  that  the  urine  be  diluted  to  a sp.  gr.  of  T008 
and  tlien  one  volume  be  added  to  three  volumes  of  the  follow- 
ing reagent,  when  more  or  less  opalescence  will  be  produced, 
according  to  the  amount  of  bile  acids  present.  For  the 
reagent,  dissolve  30  grains  of  flesh  peptone,  4 grains  of  sali- 
cylic acid,  and  33  minims  of  official  acetic  acid,  in  8 ounces 
of  water ; filter. 

Blood. — The  presence  of  blood  in  the  urine  may  be 
detected  by  the  colour  if  the  amount  be  not  too  small,  by  the 
spectroscope,  or  by  the  guaiacum  test,  which  consists  in  the 
production  of  a blue  colour  when  ozonic  ether  (made  by 
adding  hydrogen  peroxide  to  ether)  and  tincture  of  guaiacum 
are  added  to  the  urine.  'I’his  test  is  delicate,  but  is  given  by 
other  substances,  and  ought  to  be  confirmed  by  other  tests. 
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E,  rccsx  of  Uric  Acid. — A rough  quantitative  process  con- 
sists in  applying  the  qualitative  method  already  described 
(p.  396)  to  a known  volume  of  urine,  and  collecting  on  a 
filter,  washing,  and  weighing  the  resulting  uric  acid.  The 
result  is  ahvays  low.  Hopkins  .miirrnte,s  the  urine  with 
ammonium  chloride,  and,  after  a couple  of  hours,  decomposes 
the  separated  ammonium  urate  l)y  means  of  hydrochloric  acid, 
and  collects,  w'ashes,  dries,  and  w'eighs  the  resulting  uric  acid. 
The  normal  yield  should  be  roughly  0‘3  to  0'5  per  1000.  See 
Erucccdivg.i  of  the  lioi/al  Socieh/,  vol.  lii.,  p.  93. 

E.rce.sx  of  Urea. — About  one-third  of  the  solid  matter  in 
tlie  urine  is  urea.  Its  proportion  varies  considerably ; hut 
2 per  cent,  may  be  regarded  as  an  average  quantity.  With 
regard  to  the  amount  of  urea  in  urine,  it  is  impossible  to 
sharply  define  excess  or  deficienc}^  If  nitric  acid,  added  in 
equal  volume,  gives  crystals  without  concentration,  excess 
is  certainly  present  in  the  sample  examined  : though,  if  the 
amount  of  urine  passed  in  the  twenty-four  hours  is  much 
below  the  average,  the  total  (|uantity  of  urea  excreted  may 
not  be  abnormal. 

For  (juantitative  determinations,  the  urine  is  treated  in  a 
suitable  apparatus  with  an  alkaline  solution  of  recently  pre- 
jjared  sodium  hypobromite,  and  the  nitrogen  thus  liberated 
is  collected  and  measured.  The  reaction  is  of  the  following 
character : — 

C0(NH.^2  + SNaBrO  = 3NaBr  + COg  + 2H2O  + N., 

Urea  " Sodium  Sodium  Carbonic  Water  Nitrogen 

liypobromite  bromide  anliydrido 

The  carbonic  anhydride  represented  in  the  equation  is 
absorbed  by  the  excess  of  alkali  used  in  making  up  the  hypo- 
bromite solution,  so  that  only  the  nitrogen  is  evolved  m 
gaseous  form.  Only  about  94  per  cent,  of  the  nitrogen 
appears  in  gaseous  form,*  and  allowance  must  be  made  foi 
this  deficiency  if  an  instrument  graduated  in  c.c.’s  is  employee 
for  the  determination.  Usually,  the  instruments  used  clini- 
cally are,  however,  graduated  in  percentages,  and  in  that 

* In  diabetic  urine  nearly  the  theoretical  yield  is  obtained. 
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case  allowance  is  made  in  the  initial  graduation  of  the 
instrument. 

Many  forms  of  instrument  have  been  devised  for  deter- 
mining the  urea  from  the  evolved  nitrogen  in  this  reaction, 
but  they  all  fall  into  one  of  two  classes,  first  that  in  which 
air  is  present  over  the  hypobromite,  with  which  the  evolved 
nitrogen  mixes  and  in  which  the  amount  of  nitrogen  is 
estimated  from  the  increase  in  volume  of  the  gas  which  is 
driven  into  a graduated  cylinder ; and,  secondly,  those  in 
which  the  nitrogen  is  evolved  alone  in  a graduated  tube  filled 
with  the  hypobromite  solution.  The  principle  of  the  first 
type  of  apparatus  is  shown  in  fig.  41  which  has  been  con- 
structed from  ordinary  laboratory  apparatus.  The  burette 
fixed  in  the  stand  has  air-tight 
connections  above  with  the  wide- 
mouthed bottle,  and  below  with  a 
funnel  by  means  of  rubber  tubing. 

The  burette  is  filled  with  water, 
which  also  fills  the  connecting  tube 
and  funnel  to  an  equal  level.  The 
bottle  contains  25  c.c.  of  the  hypo- 
bromite solution,  made  by  adding 
2 c.c.  of  bromine  to  23  c.c.  of  40 
per  cent,  solution  of  sodium  hydrox- 
ide, and  5 c.c.  of  urine  in  a short 
wide  test-tube  are  placed  within  the 
bottle,  so  that  later,  by  tilting  the 
bottle,  the  urine  and  hypobromite 
may  be  mixed.  After  placing  the 
cork  air-tight  in  the  bottle,  the 
level  of  the  water  in  the  burette 
is  read,  the  water  in  the  funnel  being  adjusted  at  an  equal 
level,  then  the  urine  and  hypobromite  are  mixed,  and  after 
an  interval  of  ten  minutes,  the  new  level  of  the  water  is 
read.  The  difference  in  the  readings  gives  the  volume  of 
nitrogen  evolved  ; and  35'4  c.c.  of  nitrogen  (measured  at 
18°  C.  and  760  mm.  pre.ssure)  correspond  to  OT  gramme 
of  urea,  from  which  the  percentage  of  urea  can  easily  be 
calculated.  Care  must  be  taken  to  keep  the  temperature 
constant  throughout  the  experiment  by  immersing  the  bottle 
in  a bath  of  water,  otherwise  a large  error  will  result  from 
the  change  in  volume  of  the  contained  air. 
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Pio.  42. 

Dorcnius  Uroometor. 


The  other  type  of  apparatus  (Doremus  Ureometer,  fig.  42) 
is  simpler  and  sufficiently  accurate  for  all  clinical  purposes. 
The  hypobromite  solution  is  made  to  completely  fill  a gradu- 
ated tube  closed  at  the  upper  end  and  bent  in  “ U ” form 
at  the  bottom,  beyond  the  bend  a bulb  is 
blown  to  contain  the  hypobromite  displaced 
from  the  tube,  and  a short  length  of  tubing 
reaches  above  the  bulb.  The  tube  is  filled 
and  also  the  bend  and  lower  part  of  the 
bulb,  by  first  filling  the  bulb  with  the  solution 
and  then  slowly  inverting  so  as  to  displace 
tlie  air,  on  again  turning  up  the  tube  the 
Iiypobromitc  completely  fills  the  graduated 
tube,  bend,  and  lower  part  of  bulb.  One 
c.c.  of  urine  is  now  introduced  by  means 
of  a bent  pij)ette  graduated  to  deliver  1 c.c. 
and  filled  and  emptied  by  means  of  a rubber 
bull?  at  its  end.  Care  must  be  taken  to 
introduce  all  the  urine  and  yet  not  to  blow 
in  bubbles  of  air.  In  a recent  modification 
the  urine  is  added  from  a small  graduated  tube  attached 
to  the  side  of  the  hypobromite  tube  and  sejiarated  from  it 
by  a stopcock.  These  instruments  are  usually  graduated  in 
percentages  of  urea  to  obviate  calculations. 

In  tliese  instruments  no  error  is  introduced  from  changes 
in  volume  of  admixed  air,  and  although  the  quantity  of  urine 
used  is  small,  they  are  fairly  accurate. 

A still  more  recent  form  of  instrument  for  measuring 
small  amounts  of  urea  in  blood  or  urine  is  that  of  Barcroft,  in 
which  tlie  volume  of  gas  and  air  is  reduced  to  the  same  as 
that  at  the  beginning,  by  applying  pressure,  and  differences 
in  pre.ssure  are  measured  instead  of  differences  in  volume. 

It  may  be  said  of  all  these  instruments  that  they  do  not 
measure  the  amount  of  urea  with  scientific  accuracy,  because, 
iji  the  first  place,  all  tlie  urea-nitrogen  is  not  given  off;  and, 
in  the  second,  a small  amount  is  set  free  from  uric  acid  and 
other  nitrogenous  substances  jiresent  in  the  urine,  but  for 
clinical  purposes  they  give  a very  close  approximation  to  the 
amount  of  urea  present. 

Chlorides. — Any  ordinary  sample  of  urine  3'ields  an  abun- 
dant precipitate  of  silver  cliloride  on  the  addition  of  nitric 
acid  and  silver  nitrate.  The  amount  of  chlorides  jiresent  may 
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be  determined  by  any  of  the  usual  methods  for  the  determin- 
ation of  chlorides.  The  normal  quantity  of  chlorine  present 
as  chlorides  is  0’5  per  cent.  ; hut  this  may  be  reduced 
practically  to  nil  in  acute  febrile  conditions,  such  as 
pneumonia,  partially  from  the  stoppage  of  intake  of  chlorides 
in  the  food,  and  partially  from  increased  metabolism  of 
proteid  binding  the  chlorides  of  the  tissues,  and  blood,  and 
lymph. 

Chromogens. — Urine  may  contain  chromogens.  These  are 
substances  which  do  not  at  the  time  colour  the  urine,  but 
w’hich,  on  the  addition  of  oxidizing  reagents,  or  after  standing 
some  time,  develop  a colour.  A blue  colour  may  be  seen  in 
urine  rich  in  indican  on  the  addition  of  much  nitric  acid. 
This  is  due  to  the  formation  of  indigo  from  its  chromogen. 
The  darkening  often  noticed  on  the  addition  of  acid  to  urine 
is  due  to  liberation  of  the  urinary  pigments  from  their 
chromogens. 

Acetone  in  urine  occurs  usually  in  the  later  stages  of 
diabetes  mellitus.  Halliburton  thus  describes  a delicate  test 
by  Le  Nobel.  On  adding  an  alkaline  solution  of  sodium 
nitroprusside,  so  dilute  as  to  have  only  a slight  red  tint,  to 
a fluid  containing  acetone,  a ruby-red  colour  is  produced, 
which  in  a few  moments  changes  to  yellow,  and  on  boiling, 
after  adding  acid,  to  greenish  blue  or  violet. 

The  iodoform  test  for  acetone  consists  in  adding  a small 
crystal  of  iodine,  or  a few  drops  of  iodine  dissolved  in 
solution  of  potassium  iodide,  then  a solution  of  a caustic 
alkali,  and  warming,  when  the  odour  of  iodoform  is  obtained. 
Alcohol  must  not  be  present,  so  that  the  iodine  must  on  no 
account  be  added  as  Tinct.  Jodi. 

The  colour  of  %irine.  Caution. — Care  must  be  taken  not 
to  confound  the  colour-changes  in  urine  due  to  the  action  of 
drugs  with  the  effects  pi’oduced  by  tbe  action  of  oxidizing 
agents  on  chromogens.  Thus  rhubarb,  saffron,  and  santonin 
darken  the  natural  yellow  of  urine,  the  addition  of  an  alkali 
causing  a red  coloration.  Carbolic  acid  taken  internally,  or 
absorbed  from  extensive  wounds  after  surgical  operations, 
makes  the  urine  greenish  black,  resembling  urine  with  much 
bile  in  it.  If  j)otassium  iodide  or  bromide  is  being  taken 
internally,  the  addition  of  a strong  acid  will  often  cause 
separation  of  iodine  or  bromine  respectively  in  the  urine. 
Medicinal  astringents  tend  to  reduce  the  normal  colour  of 
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urine.  Many  soluble  inorganic  and  organic  medicinal  sub- 
stances pass  out  of  the  system  with  the  urine,  sometimes 
quite  unchanged  in  character.  Pepsin  has  been  found  in 
urine.  “ Small  pieces  of  fibrin  soaked  in  the  urine  absorb 
the  pepsin  therefrom ; on  removing  them  to  0‘1  per  cent, 
hydrochloric  acid  they  are  rapidly  digested”  (Leo). 

Accto-acetic  acid  is  also  found  associated  with  acetone  and 
/^-oxy-butyric  acid  in  diabetic  urine.  It  may  be  detected  by 
adding  very  dilute  solution  of  ferric  chloride  cautiously  drop 
by  drop  to  the  suspected  urine.  The  first  portion  added 
precipitates  the  jdiosphates,  which  if  present  in  excess  may 
be  filtered  off.  The  first  trace  of  ferric  chloride  after  the 
pliospliates  have  been  precipitated  gives  a burgundy  red 
colour,  which  disappears  on  lieatiiig  the  solution,  and  does 
not  re-appear  on  cooling.  This  final  stage  of  the  test  ought 
always  to  be  performed,  since  it  serves  to  distinguish  the 
aceto-acetic  acid  from  other  substances  which  may  be 
present,  and  give  a similar  result  in  the  first  part  of  the 
test,  i.c.  the  colour  reaction  with  ferric  chloride  in  the  cold. 
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Warm  the  sediment  with  the  supernatant  urine,  and  filter. 


Insoluble. 

Soluble. 

Phosphates,  calcium  oxalate,  and  uric  acid. 
Warm  with  acetic  acid,  and  filter. 

Ammonium,  cal- 
cium, or  sodium 
urates ; chiefly 
the  latter. 

Jnsoluhh. 

Calcium  oxalate  and  uric  acid. 
Warm  with  hydrochloric 
acid,  filter. 

Soluble. 

Phosphates. 
Add  ammonia; 
white  ppt.  = cal- 
cium phosphate 

They  are  re- 
deposited as  the 
liquid  cools,  and 
if  sufficient  in 
quantity  may 
be  further  ex- 

Insoluble. 

Urie  acid. 
Apply  the 

murexid  test 
(p.  397). 

Soluble. 

Calcium 
Oxalate. 
May  be  repre- 
cipitated by 
ammonia. 

or  ammonium 
magnesium 
phosphate,  or 
both. 

amined  for 
ammonium,  cal- 
cium, sodium, 
and  the  uric 
acid  radical  by 
the  appropriate 
tests. 

Notes. — Urinary  deposits  are  seldom  of  a complex  dial- 
acter : the  action  of  heat  and  acetic  and  hydrochloric  aci  s 
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genei’ally  at  once  indicates  the  character  of  the  deposit,  ren- 
dering filtration  and  precipitation  unnecessary. 

The  Urates  are  often  of  a pink  or  red  colour,  owing  to  the 
presence  of  a pigment  termed  uroerythrin  or  purjmrm  ; hence 
the  common  name  of  red  gravel  for  such  deposits.  Purpunn 
is  soluble  in  alcohol,  and  may  be  removed  by  dissolving  the 
deposit  by  heating,  and  extracting  with  amyl  alcohol.  It 
is  seldom  necessary  to  determine  whether  the  urate  be  that 
of  ammonium,  calcium,  or  sodium  also  Uric  acid,  p.  396). 
The  deposited  urate  is  a very  acid  urate  (quadriurate)  which 
slowly  (more  rapidly  in  urine  diluted  with  water)  breaks  up 
into  a less  acid  urate  (biurate)  and  urie  acid  (Bence  Jones), 
the  supernatant  urine  becoming  at  the  same  time  less  acid 
owing  to  the  formation  of  mono-  from  di-hydrogen  phos- 
phates. The  presence  in  the  urine  of  mono-hydrogen  phos- 
phates, is  apparently  (Roberts)  what  prevents  this  decom- 
position before  the  mane  is  exposed  to  the  air. 

Calcium  phosphale  and  ammonium  magnesium  phosphate 
(NH^MgPO^)  are  usually  both  present  in  a phosphatic 
deposit,  the  magnesium  salt  forming  the  larger  proportion. 
They  may,  if  necessary,  and  if  sufficient  in  quantity,  be 
sejjarated  by  collecting  on  a filter,  washing,  and  boiling  with 
solution  of  sodium  carbonate.  The  calcium  and  magnesium 
carbonates  thus  formed  are  collected  on  a filter,  washed,  and 
dissolved  in  a drop  or  two  of  hydrochloric  acid ; ammonium 
chloride,  ammonia,  and  ammonium  carbonate  are  added,  and 
the  mixture  boiled  and  filtered ; any  calcium  originally 
present  will  then  remain  insoluble,  as  calcium  carbonate ; 
while  any  magnesium  will  be  precipitated  from  the  filtrate 
as  ammonium  magnesium  phosphate  on  the  addition  of 

sodium  phosphate,  the  mixture  being  also  well  stirred. 

The  chief  portion  of  excreted  earthy  phosphates  is  carried 
off  by  the  feces,  that  remaining  in  the  urine  being  kept 
in  solution  by  the  influence  of  acid  sodium  phosphate  and, 

frecjuently,  lactic  acid. Occasionally,  an  hour  or  two  after 

a hearty  meal,  the  urine  becomes  sufficiently  alkaline  for  the 
phosphates  to  be  deposited,  and  the  urine  when  passed  is 

turbid  from  their  presence. I'he  ammoniacal  constituent 

of  the  ammonium  magnesium  salt  does  not  occur  normally, 
but  is  produced  from  urea  as  soon  as  urine  becomes  alkaline. 

Calcium  oxalate  is  seldom  met  with  in  excessive  amounts, 
but  very  often  in  small  (juantities  mixed  with  phosphates. 
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In  the  urine  it  is  probably  kept  in  solution  by  the  influence 
of  the  acid  sodium  phosphate.  In  one  case  of  oxaluria  the 
whole  urine  excreted  by  a patient  in  twenty-four  hours 
furnished  to  the  author  only  two-thirds  of  a grain  of  calcium 
oxalate. 

Free  uric  acid  is  in  most  cases  distinctly  crystalline,  and 
nearly  always  of  a yellow,  red,  or  brown  colour  owing  to  the 
presence  of  impurities. 

Arltficial  sediments. — For  educational  practice,  these  may 
be  obtained  as  follows  : — 1.  Triturate  in  a mortar  a few 
grains  of  serpent’s  excrement  (chiefly  ammonium  urate)  with 
an  ounce  or  two  of  urine  ; this  represents  a sediment  of  urates. 

2.  Add  a few  drops  of  solution  of  ammonia  or  solution  of  am- 
monium carbonate  to  urine  ; the  deposit  may  be  regarded  as 
one  of  phosphates.  3.  'Fo  an  ounce  or  two  of  urine  add  very 
small  (piantities  of  calcium  chloride  and  ammonium  oxalate  ; 
the  precipitate  is  calcium  oxalate.  4.  To  urine  acidulated 
with  hydrochloric  acid  add  a little  serpent’s  excrement ; the 
sediment  is  uric  acid. 

Other  deposits  than  the  foregoing  are  occasionally  observed. 
Thus  hippnric  acid,  HC,,HgN().j,  a normal  constituent  of  human 
urine  and  largely  contained  in  the  urine  of  herbivorous 
animahs,  is  sometimes  found  associated  with  uric  acid  in  urin- 
ary sediments,  especially  in  those  from  patients  whose  medi- 
cine contains  benzoic  acid  (p.  371).  Its  appearance,  as 
observed  by  aid  of  the  microscope,  is  eharacteristic — namely, 
slender,  four-sided  prisms?,  having  j)ointed  ends.  Cystin, 
C,jH-NSO„  (from  x-iWt?,  /custis,  a bladder,  in  allusion  to  its 
origin)  rarely  occurs  as  a deposit  in  urine.  It  is  not  soluble 
in  warm  urine  or  dilute  acetic  acid,  and  scarcely  in  dilute 
hydrochloric  acid — hence  would  be  met  with  in  testing  for 
free  uric  acid.  It  is  very  soluble  in  ammonia,  recrystallizing 
from  a drop  of  the  solution  placed  on  a piece  of  glass  in  char- 
acteristic microscopic  six-sided  plates.  It  communicates  an  i 
odour,  as  of  sweet  briar,  to  fresh  urine,  soon  changing  to  a 
most  unpleasant  smell.  Lencine  and  /ymnae  (see  p.  693)  are 
occasionally  met  with  in  cases  of  })hosphorus  poisoning  and 
of  acute  yellow  atrophy  of  the  liver.  As  a rule  they  occur 
together  in  the  form  of  small  round  yellowish  masses  of 
radiating  crystals.  Organized  .sediments  may  be  due  to  the 
corpuscles  of  pus,  mucus,  or  blood,  lat-globules,  si)crmatozoa, 
cylindrical  casts  of  the  tubes  of  the  kidneys,  epithelial  cells 
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from  the  walls  of  the  bladder,  or  foreign  matters,  such  as 
fibres  of  wool,  or  of  cotton  or  wood,  small  featheis,  dust, 
starch,  etc. ; these  are  best  recognised  by  the  microscope. 
(iSce  the  accompanying  Plates,  and  the  following  paragraphs 
on  the  microscopic  appearances  of  both  crystalline  and 
organized  urinary  sediments.) 

Microscopic  Examination  of  Urinary  Sediments 

Urine  containing  insoluble  matter  is  usually  more  or  less 
opaque.  For  microscopical  examination  a few  ounces  should 
be  set  aside  in  a conical  test-glass  for  an  hour  or  two,  the 
clear  supernatant  urine  poured  off  from  the  sediment  as  far 
as  possible,  a small  drop  of  the  residue  placed  on  a slip  of 
glass,  covered  with  a cover-slip,  and  examined  under  the 
microscope  with  different  magnifying  powers. 

The  respective  appearances  of  the  various  crystalline 
and  organized  matters  are  given  in  the  annexed  litho- 
graph Plates,  the  figures  of  which  were  kindly  drawn 
by  the  late  H.  B.  Brady,  F.R.S.,  from  natural  specimens 
in  the  collections  of  St  Bartholomew’s  Hospital,  Dr 
Sedgwick,  the  late  Mr  W.  W.  Stoddart,  Mr  Waddington, 
and  the  Author. 

Uric  acid  occurs  in  many  forms,  most  of  which  are  given 
in  the  first  Plate.  Flat  more  or  less  oval  crystals,  sometimes 
attached  to  each  other,  their  outline  then  resembling  an 
8,  a cross,  or  a star,  are  common.  Single  and  grouped  quad- 
ratic prisms,  aigrettes,  spicula,  and  crystals  recalling  dumb- 
bells are  met  with.  F’rom  urine  acidulated  with  hydrochloric 
acid,  bundles  or  sheaves  of  square  crystals,  two  opposite  sides 
smooth  and  two  jagged,  are  generally  deposited  : acidulated 
with  acetic  acid,  more  typical  forms  are  obtained.  A droji  of 
solution  of  caustic  potash  or  soda  placed  on  the  glass  slip  will 
dissolve  a deposit  of  uric  acid,  a dro|)  of  any  acid  reprecipitat- 
ing it  in  minute  but  characteristic  crystals. 

Cijslin  is  very  rarely  met  with  as  an  urinary  deposit ; that 
from  which  the  figure  on  Plate  I.  was  taken  was  found  in  the 
urine  of  a patient  in  St  Bartholomew’s  Hospital.  Lamelhc 
of  cy.stin  always  assume  the  hexagonal  character  ; but  the 
angles  are  sometimes  ill  defined  and  the  plates  superposed : 
in  the  latter  case,  a drop  of  solution  of  ammonia  placed  on 
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the  glass  at  once  dissolves  the  deposit,  well-marked  six-sided 
ciystals  appearing  as  the  drop  dries  up. 

Triple  phosphale  (ammonium  magnesium  phosphate)  is 
deposited  as  soon  as  urine  becomes  alkaline,  the  ammoniacal 
constituent  being  furnished  by  the  decomposition  of  urea. 
It  occurs  in  large  prismatic  crystals,  forming  a beautiful 
object  when  viewed  by  polarized  light, — sometimes  also  in 
ragged  stellate  or  arborescent  crystals,  resembling  those  of 
snow,  both  forms  may  be  artificially  prepared  by  adding  a 
small  lump  of  ammonium  carbonate  to  a few  ounces  of  urine 
and  setting  aside  in  a test-glass. 

Amorphous  deposits  are  either  earthy  phosphates  (a  mix- 
ture of  magnesium  and  calcium  phosphates)  or  urates  of 
calcium,  magnesium,  ammonium,  potassium,  or  sodium  — 
chiefly  the  latter.  They  may  be  distinguished  by  the  action 
of  a drop  of  acetic  acid  placed  near  the  sediment  on  the  glass 
slip,  the  effect  on  mixing  being  watched  under  the  micro- 
scope ; phosphates  dissolve,  while  urates  gradually  give  rise 
to  characteristic  forms  of  uric  acid.  Urates  redissolve  when 
warmed  with  the  supernatant  urine. 


Sodium  and  magnesium  urates,  though  generally  amorph- 
ous, occasionally  take  a crystalline  form — bundles  or  tufts 
of  small  needles — as  shown  in  the  Plate.  When  pink  or 
brick-red,  the  colour  is  due  to  uroerythrin. 

Calcium  oxalate  commoidy  occurs  in  octahedra  requir- 
ing high  magnifying-power  for  their  detection.  The  crystals 
are  easily  overlooked  if  other  matters  are  present,  but  are 
more  distinctly  seen  after  phosphates  have  been  removed  by 
acetic  acid.  In  certain  aspects  the  smaller  crystals  look  like 
square  plates  traversed  by  a cross.  A dumb-bell  form  of  this 
deposit  is  also  sometimes  seen,  resembling  certain  forms  of 
uric  acid  and  the  coalescing  spherules  of  a much  rarer  sedi- 
ment— calcium  carbonate.  Calcium  oxalate  is  insoluble  in 
acetic  but  soluble  in  hydrochloric  acid.  The  octahedra  are 
frequently  met  with  in  the  urine  of  persons  who  have  pai- 
taken  of  garden  rhubarb  and  certain  other  vegetables.  Ihe 
crystals  may  often  be  deposited  artificially  (according  to 
Waddington)  by  dropping  a fragment  of  oxalic  acid  into 
several  ounces  of  urine  and  setting  aside  for  a few  hours. 

Calcium  carbonate  is  rarely  found  in  the  urine  of  m.m, 
but  frequently  in  that  of  the  horse  and  other  hcibivoious 
animals.  Human  urine  containing  calcium  carbonate  o ten 
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reddens  litmus-paper ; and  it  is  only  after  the  removal,  on 
standing,  of  the  excess  of  carbonic  acid,  that  the  salt  is 
deposited.  It  consists  of  minute  spherules,  varying  in  size, 
the  smaller  ones  often  in  process  of  coalescence.  The  dumb- 
bell form  thus  produced  is  easily  distinguished  from  similar- 
groups  of  uric  acid  or  calcium  oxalate  by  showing  a black 
cross  in  each  spherule  when  viewed  by  polarized  light. 
Acetic  acid  dissolves  calcium  carbonate,  liberating  carbonic 
anhydride  wdth  visible  effervescence  (under  the  microscope) 
if  the  slide  has  been  previously  warmed  and  a grouji  of 
crystals  be  attacked. 

Hippuric  acid. — The  pointed  rhombic  prisms  and  acicular 
crystals  are  characteristic  and  easily  recognized.  The 
broader  crystals  may  possibly  be  mistaken  for  triple  phos- 
phate, and  the  narrower  for  certain  forms  of  uric  acid ; but 
insolubility  in  acetic  acid  distinguishes  them  from  the  former, 
and  solubility  in  alcohol  from  the  latter.  These  tests  may 
be  applied  while  the  deposit  is  under  microscopic  observation. 
An  alcoholic  solution  of  hippuric  acid  evaporated  to  dryness, 
and  the  residue  treated  with  water,  gives  a solution  from 
which  characteristic  crystalline  forms  of  hippuric  acid  may 
be  obtained  on  allowing  a drop  to  dry  on  a slip  of  glass. 

Plate  II.  The  organized  deposits  in  urine  entail 
greater  care  in  their  determination,  and  usually  require 
a higher  magnifying  power  for  their  proper  examination 
than  those  of  crystalline  form.  The  figures  on  the 
second  of  the  accompanying  Plates  are  drawn  to  230 
diametei’s.  The  following  notes  will  assist  the  observer. 

CoaLs-  of  uriniferom  tubuli  are  of  various  forms,  and  often 
of  considerable  length — sometimes  delicate  and  transparent, 
occasionally  granular,  and  often  beset  with  fat-globules.  Epi- 
thelial debris  are  frequently  present  in  urine  in  the  form  of 
nucleated  cells,  regular  and  oval  when  full,  but  angular  and 
unsymmetrical  when  partially  emptied  of  their  contents — 
sometimes  perfect,  but  more  frequently  broken  up.  Casts  are 
very  readily  discovered  by  the  use  of  the  microscope,  if,  to  a 
sample  of  the  urine  supposed  to  contain  them,  best  in  a coni- 
cal glass,  a few  drops  of  an  aniline  dye  be  added.  “ Carbo- 
fuchsine”  answers  well.  The  casts  rapidly  .stain,  and  are 
then  quite  easily  seen  in  the  field. 

Blood  corpmcle.s  are  readily  identified  under  the  microscope 
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by  their  characteristic  appearance  ; they  are  usually  crenated 
when  present ; if  the  hasmoglohin  has  escaped,  the  stroma  is 
often  visible  for  some  time,  forming  what  is  termed  a shadow, 
'i'lie  tests  for  blood,  or  rather  hmmoglohin,  in  solution  have 
already  been  described  {see  p.  675).  It  is  noteworthy  that 
wlien  the  blood  is  present  in  small  cpiantities  the  spectrum 
obtained  is  that  of  methmmoglohin  and  not  that  of  oxyhanno- 
glohin.  Wlien  corpuscles  are  present,  the  condition  is  known 
as  hmmaturia  ; wlien  the  blood  colouring  matter  is  in  solution, 
as  lucmoglohinuria. 

It  is  not  possible  to  state  with  certainty  whether  blood 
corpuscles  found  in  urine  are  those  of  man,  or  of  the  domestic 
mammalia,  for  the  slight  differences  in  size  are  not  sufficiently 
characteristic  or  fixed. 

/'/«■  and  mucus. — Purulent  urine  deposits,  on  standing,  a 
light-yellow  layer,  easily  diffused  through  the  liquid  by 
shaking.  Acetic  acid  does  not  dissolve  the  sediment;  and 
.m/ulion  o f caustic  potash  of  official  .itrength  converts  it  into  a gela- 
tinous mass.  Under  the  microscope,  pus-corjiuscles  appear 
rounded  and  colourless,  rather  larger  than  blood-discs,  and 
somewhat  granular  on  the  surface.  The  corpuscles  may  be 
made  more  di.stinet  by  staining  with  a dilute  solution  of 
methylene  blue.  They  generally  show  minute  nuclei,  which 
are  more  distinctly  seen  after  treatment  with  acetic  acid. 
{See  the  j)ortion  of  the  figure  marked  a.)  Mucus  possesses 
no  definite  microscopic  characters,  but  commonlj^  has  im- 
bedded in  it  pus,  epithelium,  and  air-bubbles.  Mucus  is 
coagulated  in  a characteristic  manner  by  acetic  acid  ; and 
this  reaction,  together  with  the  rojjy  appearance  it  imparts 
to  urine,  prevents  it  being  confounded  with  pus. 

Fatty  matter  (lipuria)  occurs  either  as  minute,  highly 
refractile,  glittering  globules  partially  diffused  through  the 
urine  (as  shown  at  «)  or  in  more  intimate  emulsion  (as  at  l> 
in  the  figure).  When  present  in  larger  quantity,  it  collects 
as  a sort  of  skim  on  the  surface  after  standing. 

Spermatozoa  are  liable  to  escape  notice,  on  account  of  their 
small  size  and  extreme  transparency.  Suspected  urine  should 
be  allowed  to  settle  some  hours  in  a conical  test-glass,  and 
the  drop  at  the  bottom  examined  under  a high  power.  1 he 
drawing  shows  their  appearance.  The}'  become  more  appar- 
ent after  staining  by  an  anilin  dye  such  as  methylene  blue. 

Sarciiue  rarely  occur  in  urine,  but  are  not  infrequent  in 
vomited  matters.  The  upper  figures  {a)  are  copied  from  Dr 
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Tliudichum’s  drawing  (from  urine)  ; the  larger  groupings  {/>) 
are  from  vomited  matter. 

Extraneous  bodies,  such  as  starch,  hair,  wool,  fibres  of 
cotton  or  of  deal,  or  fragments  of  feathers,  are  often  found 
in  urinary  deposits ; and  ludicrous  mistakes  have  been  made 
by  observers  not  on  their  guard  in  respect  to  such  casual 
admixtures. 

Examination  of  Urinary  Calculi 

The  term  calcuhis  is  the  diminutive  of  calx,  a lime-  or 
chalk-stone. 

The  following  calculi  have  been  met  with  : — (1)  Uric  acid, 
(2)  Sodium  urate,  (3)  Calcium  oxalate  (mulberry),  (4)  Fusible 
or  mixed  calcium  and  triple  phosphates,  (5)  Calcium  phos- 
phate, (6)  Calcium  carbonate,  (7)  Xanthine,  (8)  Cystin,  (9) 
Urostealith  (fatty  matter),  (10)  Indigo  (one  case). 

Knowledge  of  the  composition  of  a calculus  or  urinary 
deposit  affords  valuable  diagnostic  aid  to  the  physician ; 
hence  the  importance  of  a trustworthy  analysis  of  these 
substances. 

Nature  of  calculi. — Urinary  calculi  have  the  same  com- 
position as  unorganized  urinary  sediments.  They  consist,  in 
short,  of  sediments  that  have  been  deposited  slowly  within 
the  bladder,  particle  on  particle,  layer  on  layer,  the  several 
substances  becoming  so  compact  as  to  be  less  easily  acted  on 
by  reagents  than  when  deposited  after  the  urine  has  been 
passed — the  urates  less  readily  soluble  in  warm  water,  the 
calcium  phosphate  insoluble  in  acetic  acid  until  it  has  been 
dissolved  in  hydrochloric  acid  and  reprecipitated  by  an 
alkali. 

Prcliminartf  trealme7it. — If  the  calculus  is  whole,  saw  it 
in  two  through  the  centre,  and  notice  whether  it  is  built  up 
of  distinct  layers  or  apparently  consists  of  one  substance. 
If  the  latter,  use  about  a grain  of  the  sawdust  for  analysis  ; 
if  the  former,  carefully  scrape  off  portions  of  each  layer,  and 
examine  them  separately.  If  the  calculus  is  in  fragments 
select  fair  specimens  of  about  half  a grain  or  a grain  each 
and  reduce  to  a fine  powder  by  placing  on  a hard  surface 
and  crushing  under  the  blade  of  a knife. 

Analysis. — Commence  the  analysis  by  heating  a portion, 
about  the  size  of  a pin’s  head,  on  platinum  foil,  in  order  to 
ascertain  whether  organic  matter,  inorganic  matter,  or  both 
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are  present.  If  both,  tlie  ash  is  examined  for  inorganic 
substances,  and  a fresh  portion  of  the  calculus  for  uric  acid 
by  the  murexid  test.  (In  the  absence  of  uric  acid  any  slight 
charring  may  be  considered  to  be  due  to  indefinite  organic 
matter.)  If  composed  of  organic  matter  only,  the  calculus 
will  in  nearly  all  cases  be  uric  acid,  the  indication  being 
confirmed  by  applying  the  murexid  test  in  a watch-glass  to 
another  fragment,  half  the  size  of  a small  pin’s  head.  If 
inorganic  only,  the  ash  on  the  platinum  foil  may  be  examined 
for  phosphates,  and  a separate  portion  of  the  calculus  for 
oxalates.  Even  a single  drop  of  liquid  obtained  in  any  of 
these  experiments  may  be  filtered  by  placing  it  on  a filter 
not  larger  than  a sixpence  and  previously  moistened  with 
water,  and  adding  three  or  four  drops  of  water,  one  after 
the  other  as  each  passes  through  the  paper ; or  a drop  of  the 
mixture  may  be  j)laced  on  a fragment  of  damped  filter-paper 
on  a glass  slide,  the  latter  then  tilted,  and  a clear  droj)  be 
drained  off  from  the  paper  on  to  the  slide  ready  for  the 
addition  of  a reagent.  If  the  calculus  is  suspected  to  con- 
tain more  than  one  substance,  boil  about  a grain  of  the 
powder  in  half  a test-tubeful  of  distilled  water  for  a few 
minutes  and  pour  it  on  a small  filter  ; then  proceed  according 
to  the  following  Table:  — 


Insoluble. 

Phosphates,  calcium  oxalate,  and  free  uric  acid. 
Hoil  with  two  or  three  drops  of  hydrochloric 
acid,  and  filter. 

Insoluble. 

Uric  acid. 
Apply  the 
murexid 
test 

(p.  397). 

Soluble. 

Phosphates  and  calcium  oxalate. 
Add  excess  of  ammonia,  and  then 
excess  of  acetic  acid ; filter. 

Insoluble. 

Calcium 

oxalate. 

Soluble. 

Phosphates. 
They  may  be 
re-pptd.  by  ammonia. 

Soluble. 

Urates. 

These  will  pro- 
bably be  rede- 
posited as  the 
solution  cools. 
Small  quantities 
may  be  detected 
by  evaporating 
the  solution  to 
dryness.  They 
are  tested  for  am- 
monium, sodium, 
calcium,  and  the 
uric  acid  radical 
by  the  appro- 
priate reagents. 
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f'arielies  of  calculi. — Calculi  composed  entirely  of  tiric 
acid  are  common ; a minute  portion  heated  on  platinum  foil 
chars,  burns,  and  leaves  scarcely  a trace  of  ash.  The  phos- 
phates frequently  occur  together,  forming  what  is  known  as 
the  fusible  calculus,  from  the  readiness  wdth  which  a frag- 
ment aggregates,  and  even  fuses  to  a bead,  when  heated  on 
a loop  of  platijium  wire  in  the  blowpipe-flame.  The  phos- 
phates may,  if  necessary,  be  examined  further  by  the  method 
described  in  connection  with  urinary  deposits.  Calcium 
oxalate  often  occurs  alone,  forming  a dark-coloured  calculus 
having  a very  I’ough  surface,  hence  termed  the  mulberry  cal- 
culus. Smaller  calculi  of  the  same  substance  are  called,  from 
their  appearance,  hempseed  calculi.  Calculi  of  cystin  are 
rarely  met  with.  Xanthine  (from  ^av6o<;,  xanthos,  yellow,  in 
allusion  to  the  eolour  it  yields  with  nitric  acid)  still  less 
often  occurs  as  a calculus.  The  earthy  concretions  or  “ clialk- 
.slones,”  which  frequently  form  in  the  joints  of  gouty  persons 
are  composed  chiefly  of  biurates,  the  sodium  salt  being  that  most 
commonly  met  with.  Gall-stones,  or  biliary  calculi,  occasion- 
ally form  in  the  gall-bladder  ; they  consist  chiefly  of  cholcsterin 
(from  xoXi],  cliole,  bile,  and  crrepebs,  .stereos,  solid),  C.,^H^gOH, 
which  is  chemically  an  alcohol,  but  in  its  solubilities  resembles 
the  fats  ; it  is  soluble  in  alcohol  (90  per  cent.)  or  ether,  and 
crystallizes  from  such  solutions  in  well-defined,  square,  scaly 
crystals  which  are  characterized  by  possessing  a notch  at  one 
corner.  Phosphatic  and  other  calculi  of  many  pounds  weight 
are  occasionally  found  in  the  stomach  and  larger  intestines  of 
animals. 


QUESTIONS  AND  EXERCISES 

In  breathing,  how  much  carbon  (in  the  form  of  carbonic  anhydride) 
is  exhaled  from  the  lungs  every  twenty-four  hours? — How  may  the 
presence  of  carbonic  anhydride  in  expired  air  be  demonstrated? — 
Mention  an  experiment  showing  the  escape  of  moisture  from  the  lungs 
during  breathing. — State  the  method  of  testing  for  albumen  in  urine. — 
Give  the  tests  for  sugar  in  urine. — What  is  the  average  composition 
of  healthy  urine?  — Give  the  tests  for  urea. — Write  the  rational 
formulm  of  some  compound  ureas  in  which  methyl  or  ethyl  dis- 
places hydrogen. — Describe  an  artificial  process  for  the  production 
of  urea,  giving  equations. — Sketch  out  a plan  for  the  chemical  ex- 
amination of  urinary  sediments.  — A deposit  is  insoluble  in  the 
.supernatant  urine  or  in  acetic  acid ; of  what  substinces  may  it 
consist? — Which  compounds  are  indicated  when  a deposit  redi.ssolves 
on  warming  it  with  the  supernatant  urine? — Name  the  salts  in- 
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soluble  in  warmed  urine,  but  dissolved  on  the  addition  of  acetic 
acid. — Mention  the  chemical  characters  of  cystin.  At  what  stage 
of  analysis  would  it  be  recognised?  — Describe  the  microscopical 
appearances  of  the  following  urinary  deposits : — uric  acid,  cystin, 
triple  phospliate,  earthy  phosphates,  urates,  calcium  oxalate,  cal- 
cium carbonate,  hippuric  acid,  tube-casts,  epithelial- blood, 
pus,  mucus,  fat,  spermatozoa,  sarcina?,  extraneous  bodies. — State  the 
pliysical  and  chemical  characters  of  urinary  calculi. — How  are  urinary 
calculi  prepared  for  chemical  examination? — Construct  a scheme  for 
tlie  chemical  examination  of  urinary  calculi. — What  is  the  composition 
of  “fusible  calculus,”  and  why  is  this  calculus  so-called? — State  the 
characters  of  “mulberry”  and  “hempseed”  calculi. — What  are 
“ chalk-stones  ” of  gout,  and  “ gfill-stones  ” or  “ biliary  calculi  ” ? 


I’lIK  (4AL1<:NICAL  l^RKPARA'nONS  OF  THE 
liRITLSI  I ri  I A RMAC(  )P(EIA 

The  jireparation  of  Cerates,  Confections,  Decoctions, 
l^hicinas.  Extracts,  Glycerins,  Infusions,  Juices,  Liniments, 
Lo/.enge.s,  Mixtures,  Ointments,  Pills,  Plasters,  Poultices, 
Powders,  Spirit.s,  Sujipositories,  Syrups,  Tinctures,  and 
Wines,  includes  a number  of  mechanical  rather  than  chemical 
operations,  and  belongs  to  the  domain  of  pure  Pharmacy. 
'I'he  medical  or  pharmaceutical  student  will  probably  have  had 
some  opportunity  of  practically  studying  these  compounds 
before  working  at  experimental  chemistry,  and  may  have 
prcjiared  many  of  them  according  to  the  directions  of  the 
Pharmacopoeia  ; if  not,  he  is  referred  to  the  pages  of  the  last 
edition  of  that  work  for  details. 

Among  the  Extracts,  however,  there  are  two  (namely,  those 
of  Belladonna  and  Henbane)  which  are,not  simply  evaporated 
infusions,  decoctions,  or  tinctures,  like  most  others,  but  are 
evaporated  juices  from  which  vegetable  albumen,  the  sup- 
posed source  of  fermentation  and  decay,  has  been  removed, 
and  in  which  chlorophyll  (the  green  colouring-matter  of 
plant-juice)  is  retained  practically  unimpaired  in  tint.  See 
Eairaclum  Belladonme  Firide  and  Kvlrachim  Uyoscijcmi  I h'ide 
in  B.P. 
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The  process  by  which  every  official  chemical  substance  is 
prepared  has  now  been  described,  and  the  strictly  chemical 
character  of  the  processes  has  been  illustrated  by  experiments 
and  explained  by  aid  of  equations.  Should  the  reader,  in 
addition,  desire  an  intimate  acquaintance  with  those  details 
of  manipulation  on  which  the  successful  and  economic  manu- 
facture of  chemical  substances  depends,  he  is  advised  to 
prepare,  if  he  has  not  done  so  already,  a few  ounces  of  each 
of  the  salts  mentioned  in  the  British  Pharmacopoeia  or 
commonly  used  in  Pharmacy.  A Dictionary  or  some  of  the 
larger  text-books  of  Chemistry  may  also  be  consulted. 

The  production  of  many  chemical  and  galenical  substances 
on  a commercial  scale  can  only  be  successfully  carried  on  in 
manufacturing  laboratories,  and  with  some  knowledge  of  the 
circumstances  of  supply  and  demand,  and  of  the  value  of  raw 
material,  by-products,  etc.  ; for  the  technical  preparation  of 
such  substances  requires  much  knowledge  beyond  even  a 
thorough  acquaintance  with  chemistry.  Still,  in  the  present 
day,  commercial  Chemistry  and  Pharmacy  can  best  hope  for 
success  when  founded  on  the  working  out  of  abstract  scientific 
principles.  The  problem  of  manufacturing  success  is  now  only 
solved  with  certainty  by  sound  and  wisely-applied  science. 

QUANTITATIVE  MEASUREMENTS 
Temperature 

General.  Principles. — As  a general  rule,  to  which,  however, 
there  are  some  exceptions,  substances  expand  when  heated 
and  contract  when  cooled,  the  alteration  in  volume  being 
apjnoximately  constant  and  regular  for  equal  increments  or 
decrements  of  temperature.  The  extent  of  this  alteration  in 
a given  substance,  expressed  in  parts  or  degree.s,  constitutes 
the  usual  method  of  intelligibly  stating  with  accuracy,  pre- 
cision, and  minuteness  a particular  condition  of  warmth  or 
temperature  — that  i.s,  of  sensible  heat.  The  substance 
commonly  employed  for  this  purpose  is  mercury,  the  chief 
advantages  of  which  are,  that  it  will  bear  a moderately  high 
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temperature  without  boiling,  a low  temperature  without 
freezing,  does  not  adhere  to  glass  to  a sufficient  extent  to 
“ wet  ” the  sides  of  any  tube  in  which  it  may  be  enclosed,  and, 
from  its  good  conducting-power  for  heat,  responds  rapidly  to 
clianges  of  temperature.  Platinum,  earthenware,  alcohol, 
and  air  are  also  occasionally  used  for  thermometric  jmrposes. 

The  I'licniiomcter. — Tlie  construction  of  an  accurate  ther- 
mometer is  a matter  of  considerable  difficulty;  but  the 
following  are  the  leading  steps  in  the  operation.  Select  a 
piece  of  glass  tubing  having  a fine  capillary  (capilliis,  a hair) 
bore,  and  about  a foot  long ; heat  one  extremity  in  a 
blowpipe-fiame  until  the  orifice  closes,  and  the  glass  is 
sufficiently  soft  to  admit  of  a bulb  being  blown ; heat  the 
bulb  to  expel  air,  immediately  plunging  the  open  extremity 
of  the  tube  into  mercury  ; the  bulb  having  cooled,  and  some 
mei'cury  having  entered  and  taken  the  place  of  expelled  air, 
again  heat  the  bulb  and  tube  until  the  mercury  boils  and  its 
vapour  escapes  through  the  bore  of  the  tube ; again  plunge 
the  extremit}'  under  mercury,  which  will  probably  now 
completely  fill  the  bulb  and  tube.  When  cold,  the  bulb  is 
placed  in  melting  ice.  The  top  of  the  column  of  mercury  in 
the  cajullary  tube  should  then  be  within  an  inch  or  two  of 
the  bulb ; if  higher,  some  of  the  mercury  must  be  expelled 
by  heat ; if  lower,  more  metal  must  be  introduced  as  before. 
The  tube  is  now  heated  near  the  open  end  and  a portion 
drawn  out,  until  the  diameter  is  reduced  to  about  one-tenth. 
The  bulb  is  next  warmed  until  the  mercurial  column  rises  above 
the  constricted  part  of  the  tube,  which  is  then  rapidly  fused  in 
the  blowpipe-flame,  and  the  extremity  of  the  tube  removed. 

The  instrument  is  now  ready  for  gradiKtlion.  The  bulb  is 
placed  in  the  steam  just  above  some  rapidly  boiling  water 
(a  medium  having,  coeleris  paribus,  an  invariable  tempera- 
ture), and  when  the  position  of  the  top  of  the  mercurial 
column  is  constant  (the  flask  containing  the  water  and  steam 
being  jacketed  to  prevent  loss  of  heat  by  radiation),  a tem- 
porary mark  is  made  on  the  stem  to  indicate  this  position. 
This  operation  is  repeated  with  melting  ice  (also  a medium 
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having  an  invariable  temperature).  The  space  between  these 
two  marks  is  divided  into  a certain  number  of  intervals 
termed  degrees.  Unfortunately,  this  number  is  not  uniform 
in  all  countries:  in  Britain  it  is  180,  as  proposed  by  Fahren- 
heit; in  France  100  (the  Centigrade  scale)  as  proposed  by 
Celsius,  a number  generally  adopted  by  scientific  men  : in 
some  parts  of  the  Continent  the  divisions  are  80  for  the  same 
interval,  as  suggested  by  Reaumur.  Whichever  be  the 
number  selected,  similar  markings  should  be  continued 
beyond  the  boiling  and  freezing  points  as  far  as  the  length 
of  the  stem  admits.  They  may  be  etched  permanently  on 
the  stem  itself,  or  on  any  wood,  metal,  or  earthenware  frame 
on  which  the  stem  is  mounted. 

“ Thermometers  employed  in  taking  Specific  Gravities, 
Melting-Points,  or  Boiling-Points,  should  have  been  comiiared 
with  a standard  thermometer,  and  their  errors  recorded  in  a 
table,  by  means  of  which  the  readings  of  the  instruments 
used  are  to  be  corrected.  The  zero-point  of  the  instruments 
should  be  verified  from  time  to  time.” — B.P.,  1898. 

In  mcerlaining  the  temperature  of  a liquid,  the  bulb  of  a 
thermometer  is  simply  inserted  and  the  degree  noted.  In 
determining  the  boiling-point,  also,  the  bulb  may  be  inserted 
in  the  liquid,  if  a pure  substance.  (See  the  official  directions 
on  the  following  page.)  In  taking  the  boiling-point  of  a sub- 
stance which  is  being  distilled  from  a mixture,  the  bulb  of 
the  thermometer  should  be  in  the  vapour  but  not  beneath  nor 
very  near  co  tlie  surface  of  the  boiling  liquid. 

The  “boiling-point”  of  a liquid  is  the  temiierature  at 
which  the  piessuie  of  the  vapour  of  the  substance  overcomes 
tlie  atmospheric  or  otlier  pressure  to  whicli  the  liquid  is 
exposed.  When  the  pressure  is  equal  to  760  mm.  (29-92 
inches)  of  mercury,  water  boils  at  100°  C.  (212°  F.).  The 
boiling-point  of  a droj)  of  a fluid  is  taken  by  introducing  it 
into  the  closed  extremity  of  a small  U tube,  the  remainino- 
portion  of  the  closed  limb  being  filled  with  mercury.  The 
tube  is  lowered  into  a bath,  the  open  limb  being  above  the 
surface  of  the  fluid  of  the  bath.  The  bath  is  slowly  and 
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equally  heated,  and  the  boiling-point  of  the  liquid,  indicated 
by  the  mercury  falling  until  it  is  level  in  the  two  limbs,  taken 
by  a thermometer  whose  bulb  is  close  to  the  U tube. 

Detcrminnliou  of  Boiliiig-Poiitt. — ‘^To  determine  the  boil- 
ing-point of  a substance,  the  liquid  under  examination  should 
be  placed  in  a distilling  flask  having  a side  tube  for  convey- 
ing the  vapour  to  a condenser,  while  the  thermometer  passes 
through  a cork  inserted  in  the  neck.  The  bulb  of  the  ther- 
mometer should  be  near  to,  but  not  immersed  in,  the  liquid, 
and  the  whole  of  the  thread  of  mercury  should,  if  possible,  be 
surrounded  by  the  vapour  ; the  temperature  is  read  off  as  soon 
as  the  liquid  is  distilling  freely.  If  any  considerable  length 
of  the  mercurial  column  be  not  surrounded  by  the  vapour, 
the  temperature  of  the  emergent  column  should  be  ascer- 
tained as  directed  under  melting-jmints  [xee  next  Jiage],  and 
the  nece.ssary  correction  apjflied.” — B.P.,  1898. 

The  following  are  the  hoilmg-poinls  of  a few  substances  met 
with  in  pharmacy  : — 


Contigrade. 

Fahrenlieit. 

Alcohol,  absolute  .... 

„ amyl 

Benzol  

Bromine  ....  (below) 
Benzoic  acid  (pure,  249°  C. ; 480‘2°  F. ) 
Carbolic  acid  (^not  higher  than)  . 

Chloroform 

Ether  (B.P.)  . . . (below) 

,,  purified  . . (not  below) 

Mercury  in  vacuo  (as  in  a thermometer) 
,,  in  air  (barom.  at  30  inches) . 

Water  (barom.  at  29 ‘92  inches)  . 

„ ( „ 29-33  „ ) . 

„ ( „ 28-74  „ ) . . 

Saturated  solutions  of : — 

Cream  of  tartar  .... 

Common  salt 

Sal-ammoniac 

.Sodium  nitrate  .... 

,,  ac-etate  .... 

Calcium  chloride  .... 

78-3 

132-2 

80-6 

63 

239-0 

182 

60  to  62 
40-5 
34-5 
304 
350 
100 
99-5 
99 

101 

106-6 

113-3 

119 

124-4 

179-4 

173 

270 

177 

145-4 

462 

359-6 

140  to  143-6 
105 
94-1 
580 
662 
212 
211 
210 

214 

224 

236 

246 

256 

355 
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Determinafion  of  Meliing-Poinl. — To  melt  at  a given 
temperature  is  a constant  property  of  a substance  ; therefore  a 
melting-point,  once  it  is  accurately  determined,  becomes  a 
valuable  indicator  of  purity  in  a substance.  The  official 
(B.P.,  1898)  description  of  the  mode  of  making  a melting- 
point  determination  is  as  follows  : — “To  determine  the  melt- 
ing-point of  a substance  a minute  fragment  of  it  should  be 
placed  in  a thin-walled  glass  tube  having  an  internal  diameter 
of  about  1 millimetre  inch),  and  sealed  at  the  lower  end. 
This  tube  should  be  attached  to  the  thermometer  so  that  the 
substance  is  near  the  middle  of  the  bulb,  and  the  thermo- 
meter with  the  attached  tube  should  be  immersed  in  a suit- 
able liquid,  contained  in  a beaker  placed  over  a small  lamp 
flame.  Water  is  suitable  for  substances  melting  below  212° 
F.  (100°  C.),  sulphuric  acid,  hard  paraffin,  or  glycerin  for  sub- 
stances melting  at  higher  temperatures.  The  liquid  should 
be  continually  stirred  by  means  of  a glass  ring  moved  up  and 
down  till  the  substance  is  seen  to  melt.  The  temperature  is 
noted,  the  tube  cooled  till  the  substance  solidifies,  and  the 
operation  then  repeated.  The  latter  reading  of  the  thermo- 
meter should  be  taken  as  the  melting-point.  To  obtain 
accurate  results,  the  whole  of  the  mercury  column  of  the 
thermometer  should  be  immersed  in  the  heated  liquid,  but  as 
this  is  seldom  practicable,  the  mean  temperature  of  the 
emergent  column — that  is,  of  that  portion  above  the  surface 
of  the  heated  liquid — should  be  ascertained  and  the  necessary 
correction  applied.  To  obtain  the  mean  temperature  of  the 
emergent  column,  a small  thermometer  is  fixed  by  india- 
rubber  bands  in  such  a position  that  its  bulb  is  about  the 
middle  of  the  emergent  column.  The  corrected  temperature 
may  be  calculated  with  approximate  accuracy  from  the 
formula  : — 

Corrected  Temperature  = T -t-  ‘000143  (T  - t)  N, 
in  which 

T = observed,  i.e.  uncorrected,  temperature; 
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t = mean  temperature  of  tlie  emergent  column  ; 

N = the  length  of  the  emergent  column  in  scale  degrees.” 


The  foUoning  are  vielting-pomtx  of  substances  official  in  the 
British  Pharmacopoeia : — 


In  (Ipgi'oes 
C(intignido. 

111  degrees 
Faliroidioit. 

Acetic  acid,  glacial 

15-5 

60 

congeals  at . 

1-1 

34 

Benzoic  acid 

. • • • 

121-4 

250-5 

Carbolic  acid 

. 

38-8 

102 

Oil  of  thcobroina 

(about) 

32 

90 

Phosphorus 

. • • • 

43-3 

110 

Prepared  lard 

. . (about) 

38 

100 

,,  suet  . 

• • • • 

44-4  to  48-9 

112  to  120 

Spermaceti . 

• • • • 

46  „ .60 

114-8  to  122 

White  wax  . 

• • • • 

62-5  „ 63-9 

144-5  „ 147 

Yellow  wax 

. 

6‘2-r>  „ 63-9 

144-5  „ 147 

I\ijro7nelerx. — Temperatures  above  the  boiling-jioint  of 
mercui'y  are  determined  by  ascertaining  to  what  extent  a bar 
of  platinum  or  porcelain  has  elongated.  The  bar  is  enclosed 
in  a cavity  of  a suitable  case,  a plug  of  platinum  or  porcelain 
placed  at  one  end  of  the  bar,  and  the  whole  exposed  in  the 
region  the  temperature  of  which  is  to  be  found.  After  cool- 
ing, the  di.stance  to  whicli  the  bar  has  forced  the  plug  along 
the  cavity  is  accurately  measured  and  the  corresponding 
degree  of  temperature  noted.  The  value  of  the  distance  is 
fixed  for  low  temperatures  by  comparison  with  a mercurial 
thermometer,  and  the  scale  carried  upwards  through 
intervals  of  equivalent  length.  Such  thermometers  are 
conventionally  distinguished  from  ordinary  instruments  by 
the  name  pyromcler  (from  tTvp,  pur,  fire,  and  fj,hpoy,  wetron, 
measure). 

The  order  of  fusibility  of  a few  of  the  metals  is  as 
follows  ; — 
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In  degrees 
Centigrade. 

In  degree.s 
Fahrenheit. 

Mercury 

- 39-4 

- 39 

Potassium 

+ 62-5 

+ 144 -5 

Sodium 

97-6 

207-7 

Tin 

227-8 

442 

Bismuth  ...... 

264 

507 

Lead 

325 

617 

Zinc  ....... 

411 -6 

773 

Antimony  ...... 

621 

1150 

Silver  ....... 

1023 

1873 

Copper  ...... 

1091 

1996 

Gold 

1102 

2016 

Cast  iron 

1530 

2786 

QUESTIONS  AND  EXERCISES 
On  what  general  principles  are  thermometers  constructed  ? — What 
material  is  employed  in  making  thermometers  ? — Why  is  mercury 
selected  as  a thermometric  indicator? — Describe  the  manufacture  of  a 
mercurial  thermometer. — How  are  thermometers  graduated? — State 
the  boiling-points  of  alcohol,  chloroform,  ether,  mercury,  and  water  on 
either  thermometric  scale. — Describe  the  details  of  manipulation  in 
determining  the  melting-points  of  solids. — In  what  respect  do  pyro- 
meters differ  from  thermometers? — Mention  the  melting-points  of 
glacial  acetic  acid,  oil  of  theobroma,  lard,  suet,  and  wax. — Give  the 
fusing-points  of  tin,  lead,  zinc,  copper,  and  cast  iron. 


Weight 

The  Balance. — The  balance  used  in  the  quantitative  opera- 
tions of  cliemistry  must  be  accurate  and  sensitive.  The 
points  of  suspension  of  the  beam  and  pan  should  be  polished 
steel  or  agate  knife-edges,  working  on  agate  planes.  It 
should  turn  easily  and  quickly,  without  too  much  oscillation, 
jio  Trio  or  ^ of  a milligramme,  when  1000 

grains,  or  50  or  60  grammes,  are  placed  in  each  pan. 
(Grammes  are  w'eights  of  the  metric  system,  a descrijrtion  of 
which  is  given  on  pages  29-32.)  The  beam  should  be  light 
but  strong,  cajrable  of  supporting  a load  of  1500  grains  or 
100  grammes  : its  oscillations  are  observed  by  help  of  a long 
index  attached  to  its  centre,  and  continued  downwards  for 
some  distance  in  front  of  the  supporting  pillar  of  the  balance. 
The  instrument  should  be  provided  with  screws  for  purposes 
of  adjustment,  a mechanical  contrivance  for  su])porting  the 
beam  above  its  bearings  when  not  in  use  or  during  the 
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removal  or  addition  of  weights,  spirit-levels  to  enable  the 
operator  to  j)lace  the  balance  in  a horizontal  position,  and  the 
whole  should  be  enclosed  in  a glass  case  to  protect  it  from 
dust.  It  should  be  placed  in  a room  the  atmosphere  of  which 
is  not  liable  to  be  contaminated  by  acid  fumes,  and  in  a 
situation  as  free  as  jiossible  from  vibration.  During  weighing, 
the  doors  of  the  balance-case  should  be  shut,  in  order  that 
currents  of  air  may  not  unequally  influence  the  pans. 

'J  he  Weights. — These  should  be  preserved  in  a box  having 
a sejjarate  compartment  for  each  weight.  A weight  should 
not  be  lifted  directly  with  tlie  fingers,  but  by  the  aid  of  a 
small  pair  of  forceps.  If  grain-weights,  they  should  range 
from  1000  grains  to  ,’jy  grain,  with  a -jV  iTifide  of  gold  wire  to 
act  as  a “ rider  ” on  the  divided  beam,  and  thus  indicate  by 
its  j)()sition  lOOths  and  lOOOths  of  a grain.  From  to  10 
grains  the  weiglits  may  be  of  platinum  or  aluminium  ; thence 
upwards  to  1000  grains  of  gilt  or  platinized  brass.  The 
relation  of  the  weights  to  each  other  should  be  decimal. 
Metric  decimal  weights  may  range  from  100  grammes  to  1 
gnimme  of  gilt  or  ])latinized  brass,  and  thence  downwards  to 
1 centigramme,  of  platinum  or  aluminium,  a gold  centi- 
gramme rider  being  em})loyed  to  indicate  milligrammes  and 
tenths  of  a milligramme. 

Specific  Gravity  or  Relative  Density 

'The  specific  graeiti/,  or  relative  densiti/,  of  a substance  is  the 
ratio  of  its  weight  to  that  of  an  ecjual  volume  of  a standard 
substance.  This  comparative  heaviness  in  the  case  of  solids 
and  Hcjuids  is  conventionally  expressed  in  relation  to  water : 
they  are  considered  as  being  lighter  or  heavier  than  water. 
Thus,  water  being  regarded  as  unity  = 1,  the  relative  density, 
or  specific  gravity,  of  ether  is  represented  by  the  figures 
0‘720  (it  is  less  than  three-fourths,  0-750,  the  weight  of  water), 
oil  of  vitriol  by  T843  (it  is  nearly  twice,  2-000,  as  heavy  as 
water).  The  specific  gravities  of  substances  are,  moreover, 
the  weights  of  similar  volumes  at  sixty  degrees  (60°  F. ; 15-5° 
C.)  ; for  the  weight  of  a definite  volume  of  any  substance 
varies  according  to  temperature,  becoming,  as  a rule,  heavier 
when  cooled  and  lighter  when  heated,  different  substances 
(gases  excepted)  differing  in  the  extent  to  which  they  con- 
tract and  expand.  While,  then,  specific  gravity  is,  truly,  the 
comparative  weight  of  equal  bulks,  the  numbers  which,  in 
Great  Britain,  commonly  represent  specific  gravities  are  the 
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comparative  weights  of  equal  bulks  at  60°  F.  (15'5°  C.),  water 
being  taken  as  unity.*  The  standard  of  comparison  for  gases 
was  formerly  air,  but  is  now  usually  hydrogen. 

Specific  Gravity  of  Liquids 
Procure  any  small  bottle  holding  from  100  to  1000  grains, 
and  having  a narrow  neck ; counterpoise  it  in  a delicate 
balance ; fill  it  to  about  half-way  up  the  neck  with  pure  dis- 
tilled water  having  a temperature  of  60°  F.  (15'5°C.)  ; ascer- 
tain the  weight  of  the  water,  and,  for  convenience,  add  or 
subtract  a drop  or  two,  so  that  the  weight  shall  be  a round 
number  of  grains  ; mark  the  neck  by  the  aid  of  a diamond  or 

ffl 

A 

Fio.  43. 

• Specific  Gravity  Bottles. 

file-point  at  the  level  of  the  lower  edge  of  the  curved  surface 
of  the  water.  Consecutively  fill  up  the  bottle  to  this  neck- 
mark  with  several  other  liquids,  cooled  or  warmed  to  60°  F. 
(15’.5°C.),  first  rinsing  out  the  bottle  once  or  twice  with  a 
small  quantity  of  each  liquid,  and  note  the  weights ; the 
respective  figures  represent  the  relative  weights  of  equal 
volumes  of  the  liquids.  If  the  capacity  of  the  bottle  is  100, 
or  1000  grain.s,  the  resulting  weights  will,  without  calcula- 
tion, show  the  specific  gravities  of  the  liquids ; if  any  other 
number,  a simple  calculation  must  be  worked  out  to  ascertain 
the  weight  of  the  liquids  as  compared  with  1 (or  LOOO)  of 

* The  true  weight  of  a substance  is  its  weight  in  air  plus  the  weight 
of  an  equal  volume  of  air  and  minus  the  weight  of  a volume  of  air  equal 
to  the  volume  of  the  brass  or  other  weights  employed ; or,  in  other 
words,  its  weight  in  vacuo,  uninfluenced  by  the  buoyancy  of  the  air ; 
but  such  a correction  of  the  weight  of  a substance  is  seldom  necessary, 
or,  indeed,  desirable. 


Fio.  44. 
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water.  Bottles  conveniently  adjusted  to  contain  250,  500,  or 
1000  grains,  or  50  or  100  grammes  of  water,  when  filled  to 
the  top  of  their  perforated  stopper  (fig.  43),  and  other  forms 
of  the  instrument,  are  sold  by  all  chemical-apparatus  makers. 
Figure  44  is  that  of  a bottle  extremely  useful  in  ascertaining 
the  specific  gravities  of  very  volatile  liquids. 

Verify  some  of  the  following  stated  specific  gravities  of 
official  licpnds  : — 


Acid,  acetic 

1-044 

,,  ,,  diluted 

1-006 

„ „ glacial 

1-058 

,,  carbolic 

. 1-060  to  1-066 

,,  hydrochloric 

1-160 

„ ,,  diluted 

1-052 

„ Iiydrocyanlc 

0-997 

,,  nitric 

1-420 

„ ,,  diluted 

1-101 

,,  nitro-hydrochloric  . 

1-070 

,,  pIios])horic,  diluted 

1-080 

,,  sulphuric  . . . 

1-843 

,,  ,,  aromatic . 

0-922  to  0-926 

,,  ,,  diluted  . 

1-094 

,,  sulphurous,  solution  of 

1-025 

Alcohol,  absolute  (real)  . 

. 0-7935 

„ „ (official) 

. 0-794  to  0-7969 

,,  (90  per  cent) 

0-834 

„ (45  „ ) . . 

0-9436 

Ammonia,  aromatic  spirit  of 

. 0-888  to  0-893 

,,  solution  of 

0-959 

„ strong  solution  of 

0-891 

Benzol  .... 

. 0-880  to  0-888 

Hisrautli  and  aininoniuiTi  citrate,  solution  of  . 1*070 

Chloroform 

. 1-490  to  1-495 

Creosote  .... 

. not  below  1-079 

Ether  .... 

0-735 

,,  purified 

. 0-7-20  to  0-722 

,,  spirit  of  nitrous 

. 0-838  to  0-842 

Glycerin  .... 

1 -260 

Ferric  acetate,  solution  of 

1-031 

,,  chloride  ,, 

1-110 

,,  nitrate  ,, 

1-107 

,,  sulphate  ,, 

. . 1-441 

,,  chloride,  strong  solution  of 

. . 1 -420 

Lead  subacetate,  strong  solution  of 

1 -275 

Lime,  saccharated  solution  of 

. . 1 -055 

,,  solution  of  chlorinated 

. . 1 -055 

Mercury  (at  0°  C.  = 32°  F.) 

13-596 

„ (at  1.5-5°  C.  = 60“  F.)  . 

13-560 

,,  nitrate,  acid  solution  of 

, (jihout)  2 -000 
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Oil  of  eucalyptus  . 

,,  mustard 
,,  sandal  wood 
Potash,  solution  of 
Soda,  ,,  chlorinated 

Squill,  oxymel  of  . 

Syrup 

,,  of  ferrous  iodide  . 


0- 910  to  0-930 

1- 018  to  1-030 

0- 975  to  0-980 

1-058 
1-054 
1-320 
1 -330 

1- 380  to  1-387 


Hydrometers,  formerly  termed  areometers. — The  sjiecific 
gravity  of  liquids  may  be  ascertained,  without  balance  and 
weights,  by  means  of  the  hydrometer — an  instrument  usually 
of  glass,  having  a graduated  stem  and  a bulb  or  bulbs  at  the 
lower  part.  The  specific  gravity  of  a liquid  is  indicated  by 
the  depth  to  which  the  hydrometer  sinks  in  the  liquid,  the 
point  marked  TO  or  1000  upon  the  scale  indicating  the  depth 
to  w'hich  it  sinks  in  pure  water.  Hydrometers  constructed 
for  special  purposes  are  known  under  the  names  of  saccharo- 
meter,  lactometer,  elaeometer,  urinometer,  alcoholometer. 
Hydrometers  require  a considei-able  quantity  of  liquid  fairly 
to  float  them  ; and  specific  gravities  observed  with  them  are 
usually  less  delicate  and  trustworthy  than  those  obtained  by 
the  balance,  nevertheless  they  are  exceedingly  useful  for 
many  practical  purposes  where  the  employment  of  a delicate 
balance  w'ould  be  inadmissible. 


Specific  Gravity  of  Solids  in  Mass 
Weigh  in  the  usual  manner  a piece  (50  to  250  grains)  of 
any  solid  substance  heavier  than  water.  Then  weigh  it  in 
water,  by  suspending  it  from  a 
shortened  balance-pan  by  a fine 
hair  or  filament  of  silk  and 
immersing  in  a vessel  of  water 
(fig.  45).  The  buoyant  properties 
of  the  water  will  cause  the  solid 
apparently  to  lose  weight ; this 
loss  in  v;eighl  is  the  exact  weight  of 
(I  volume  of  water  cijual  to  the 
volume  of  the  immersed  object.  The 
weight  of  the  substance  and  the 
weight  of  an  equal  volume  of 
water  being  thus  ascertained,  a Fio,  45.— WBighing  a solul  in  watur. 
simple  calculation  gives  the  relative  weight  of  the  sub- 
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stance,  as  compared  with  water  = 1-000.  Divide  the  weight 
in  air  by  the  loss  of  weight  in  water,  the  resulting 
number  is  the  specific  gravity  in  relation  to  1 jJart  of  water, 
the  conventional  standard  of  comparison. 


Verify  some  of  the  following  specific  gravities  : — 


Aluminium  . 

2-56 

Antimony  . 

6-71 

Ilismuth 

!)-83 

Coins,  English,  gold 

17-69 

11  11  silver 

10-30 

11  ,1  bronze 

8-70 

Cojiper 

8-95 

Gold 

. 19-34 

Iron  .... 

7-84 

Lead 

11-36 

Magnesium  . 

1 -74 

Marble 

2-70 

I’hosphonis  . 

1-77 

Pl.itinum 

21  -53 

Silver 

10 -.53 

Sulphur 

2-05 

Tin  .... 

7-29 

Zinc .... 

7-14 

Specific  gravities  o 
water  having  a temjiei 


solid  substances 
raturc  of  about  G0° 
sub.stance  should  be  immersed  about  half 
surface  of  the  water;  adhering  air-bubbles  must  be  carefully 
removed  ; tlie  sulistance  must  be  quite  insoluble  in  water. 


Iiould  be  taken  in 
F.  (15-5°C.).  The 
an  inch  below  the 


SPECIFIC  Ghavity  of  Solids  in  Powder  or  Small 
Fragments 

Weigh  tlie  particles ; place  them  in  a counterpoised 
specific-gravity  bottle  of  known  capacity,  and  filled  up  with 
water,  taking  care  that  the  substance  is  thoroughly  wetted ; 
again  weigh.  From  the  combined  weights  of  water  and 
substance  subtract  the  amount  due  to  the  substance  : the 
residue  is  the  weight  of  the  water.  Subtract  this  weight  of 
water  from  the  quantity  which  the  bottle  normally  contains : 
tlie  residue  is  the  amount  of  water  displaced  b^f  tlie  substance. 
Having  thus  obtained  the  weights  of  equal  volumes  of  water 
and  substance,  the  specific  gravity  of  the  latter,  as  compared 
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with  w\iter=  I'OOO,  is  obtained  by  dividing  the  weight  of  the 
substance  by  the  weight  of  the  water. 

Or,  suspend  a cup,  short  glass  tube,  or  bucket  froin  a 
shortened  balance-pan ; immerse  in  water ; counterpoise ; 
place  the  weighed  powder  in  the  cup,  and  proceed  as  directed 
for  taking  the  specific  gravity  of  a solid  in  mass. 

This  operation  may  be  conducted  on  fragments  of  any  of 
the  substances  the  specific  gravities  of  which  are  given  in 
the  foregoing  Table,  or  on  the  powdered  piece  of  marble  the 
specific  gravity  of  which  has  been  taken  in  mass.  The 
specific  gravity  of  one  piece  of  glass,  first  in  mass,  then  in 
powder,  may  be  ascertained ; the  results  should  be  identical. 
The  specific  gravity  of  shot  is  about  1T350;  sand,  2 600; 
mercury,  13'56. 

Specific  Gravity  of  Solids  Soluble  in  Water 

Weigh  a piece  of  sugar  or  other  substance  soluble  in  water  ; 
then  suspend  it  from  a balance  in  the  usual  manner,  and 
weigh  it  in  turpentine,  benzol,  or  petroleum,  the  specific 
gravity  of  which  is  known  or  has  been  previously  determined  ; 
the  loss  in  weight  is  the  weight  of  an  equal  volume  of  the 
turpentine,  i.e.,  it  is  the  weight  of  the  turpentine  displaeed 
by  the  substance.  Ascertain  the  weight  of  an  equal  volume 
of  water  by  calculation 

Sp.  gr.  of  , sp.  gr.  of  _ _ weight  of  turpen-  weight  of  an  equal 
turpentine  ’ water  • • tine  displaced  ' volume  of  water. 

The  exact  weights  of  equal  volumes  of  sugar  and  water  having 
been  obtained,  the  specific  gravity  of  sugar,  as  compared  with 
water  = TOGO  is  obtained  by  calculation.  Divide  the  weight 
of  the  sugar  by  that  of  the  equal  volume  of  water,  the  quotient 
is  the  specific  gravity  of  sugar.  The  stated  specific  gravity  of 
sugar  ranges  from  T590  to  T607. 

Specific  Gravity  of  Solids  J.,k)iiter  than  Water 

Ihis  is  obtained  in  a manner  similar  to  that  for  solids 
heavier  than  water;  but  the  light  sub.stancc  is  sunk  by 
attaching  it  to  a piece  of  heavy  metal,  the  weight  of  water 
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which  the  lattei*  displaces  being  deducted  from  the  weight 
displaced  by  both  ; the  remainder  is  the  weight  of  a quantity 
of  water  equal  in  volume  to  the  light  substance.  For  instance, 
a piece  of  wood  weighing  12  grammes  (or  grains — for  it  is 
assumed  that  the  student  works  equally  well  with  metric  as 
witli  imjjcrial  weights)  is  tied  to  a piece  of  metal  weighing 
22  grammes,  the  loss  of  weight  of  the  metal  in  water  previ- 
ously having  been  found  to  be  3 grammes.  The  two, 
weighing  34  grammes,  are  now  immersed,  and  the  loss  in 
weight  is  found  to  be  26  grammes.  But  of  this  loss  3 
grammes  have  been  })roved  to  be  due  to  the  buoyant  action 
of  the  water  on  the  metal ; the  remaining  23,  therefore, 
represent  the  same  effect  on  the  wood  ; 23  and  12,  therefore, 
rejn’csent  the  weights  of  equal  volumes  of  water  and  of  the 
wood,  aiul  23  : 12  : : 1 : 0-5217.  Or,  shortly,  as  before,  divide 
the  weight  of  the  wood  in  air  by  the  weight  of  an  equal 
volume  of  water;  0-5217  is  the  specific  gravity  of  the  wood. 
Another  specimen  of  wood  may  be  found  to  be  three-fourths 
(0-750)  the  weight  of  water,  and  others  heavier.  Cork  varies 
from  0-100  to  0-300. 


'i'he  specific  gravity  of  a very  minute  quantity  of  a he;ivy 
or  light  substance  may  be  ascertained  by  noting  the  specific 
gravity  of  a fluid  in  which  it,  being  insoluble,  neither  sinks 
nor  swims  ; or  by  immersing  it  in  a weighed  piece  of  paraffin 
whose  specific  gravity  is  known,  noting  the  S2>ecific  gravity 
of  the  whole,  and  correcting  for  the  influence  of  the  paraflin. 

SPECIFIC  Gravity  or  Gases 

The  determination  is  analogous  to  that  in  the  case  of 
liquids.  A globe  exhausted  of  air  and  holding  from  1 to  4 
litres  (or  quarts)  is  suspended  from  the  arm  of  a balance,  aiu 
counterpoised  by  a similar  flask.  Gases  are  introduced  m 
succession  and  their  weights  noted.  By  calculation  tlieir 
si)ecific  gravities  are  obtained  in  relation  to  air  or  hydrogen, 
whichever  is  taken  as  a standard. 

(orreclion  of  the  Fo/imic  of  Gases  for  Pressure.— 'if  e-.  height 
of  the  baroineter  at  the  time  of  manipulation  is  noted. 
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Remembering  that  the  volume  which  a gas  occupies  varies 
inversely  as  the  pressure  to  which  it  is  subjected  (Boyle’s 
Law,  p.  36),  a simple  calculation  shows  the  volume  which  the 
gas  would  occupy  at  760  millimetres  (or  29'92  inches),  the 
standard  pressure  (30  inches  is  sometimes  adopted  as  the 
standard  in  Britain).*  Thus  40  volumes  of  a gas  at  740 
rhillimetres  pressure  are  reduced  to  39  when  the  pressure 
becomes  760  millimetres  (or  90  vols.  at  29  inches  pressure 
become  87  vols.  at  30  inches). 

Correction  of  the  Volume  of  Gasex  for  Temperature. — This 
is  done  in  order  to  ascertain  what  volume  the  gas  would 
occupy  at  0°  C.  (32°  F.)  or  15'5°  C.  (60°  F.),  according  to  the 
standard  taken.  Gases  are  equally  affected  by  equal  varia- 
tions in  temperature  (Charles).  They  expand  about  0'3665  f 
per  cent.  (^TTr)  their  volume  at  the  freezing-point  of  water 
for  every  C.  degree  (0'2036  per  cent.,  or  for  every  F. 
degree)  that  their  temperature  is  raised  above  that  point 
(see  Charles’s  Law,  p.  37).  Thus  8 volumes  of  gas  at  0°  C. 
will  become  8'293  at  10°  C. ; for  if  100  become  103-665  on 
being  increased  in  temperature  10°  C.,  8 will  become  8-293  (or 
if  100  become  102-036  on  being  increased  10°  F.,  8 will 
become  8-163). 

Vapour-density. — Vapours  are  those  gases  which  condense 
to  liquids  at  ordinary  temperatures.  What  is  commonly 
called  the  vapour-density  of  a substance  is  really  the  specific 
gravity  or  relative  density  of  its  vapour,  and  is  simply  the  ratio 
of  the  weight  of  any  given  volume  to  that  of  a similar  volume 
of  air  or  hydrogen  at  the  same  temperature  and  pressure. 
But,  for  convenience  of  comparison,  this  experimental  specific 
gravity  is  referred,  by  calculation  as  just  described  for  per- 
manent gases,  to  a temperature  of  0°  C.,  and  760  millimetres 
pressure.  A teaspoonful  or  so  of  liquid  is  placed  in  a weighed 
flask  of  about  the  capacity  of  a common  tumbler  and  having 
a capillary  neck  : the  flask  is  immersed  in  an  oil-bath  and 

* In  France  the  conventional  standard  height  of  the  barometer  is 
760  millimetres  at  0°  C.  (32°  F.);  in  Britain  it  is  30  inches,  the 
temperature  being  60°  F.  760  millimetres  is  equivalent  to  29-92 
inches ; but  the  expansion  of  the  metal  between  32°  F\  and  60°  4°. 
increases  the  length  of  the  column  to  30-005  inches.  The  standards 
are  therefore  almost  identical. 

t Corrected  for  the  difference  between  the  mercurial  and  air- 
thermometers,  the  coefficient  of  expansion  of  air  is  0-003656  (Miller). 
The  coefficient  of  expansion  of  different  gases  varies  very  slightly 
being  somewhat  higher  for  the  more  liquefiable  gases.  ^ 
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heated  to  a temperature  considerably  above  the  boiling-point 
of  the  liquid ; at  the  moment  vapour  ceases  to  escape,  the 
neck  is  sealed  by  a blowpipe-flame, 'and  the  temperature  of 
the  bath  noted ; the  flask  is  then  removed,  cooled,  cleaned, 
and  weighed ; the  height  of  the  barometer  is  also  taken. 
The  neck  of  tlie  flask  is  next  broken  off  beneath  the  surface 
of  water  (or  of  mercury),  which  rushes  in  and  fills  it,  and  the 
flask  is  again  Aveighed  with  its  contents,  by  Avhich  its  capacity 
in  cubic  centimetres  is  found.  From  these  data  the  volume 
of  vapour  yielded  by  a given  weight  of  liquid  is  ascertained 
by  a few  obvious  calculations.  The  capacity  of  the  globe 
having  been  ascertained,  the  weight  of  an  equal  volume  of 
air  * is  calculated.  This  weight  of  air  is  deducted  from  the 
original  weight  of  the  flask,  Avhich  gives  the  true  weight  of 
the  glass.  The  weight  of  the  glass  is  next  subtracted  from 
the  weight  of  the  flask  and  contained  vajiour  (now  con- 
densed), which  gives  the  weight  of  material  used  in  the 
experiment.  The  volume  which  this  weight  of  material 
occupied  at  the  time  of  experiment  is  next  corrected  for 
temperature  (to  0°  C.)  and  ])ressure  (760  millimetres)  in  the 
manner  just  described.  The  weight  of  a similar  volume  of 
hydrogen  is  next  found.!  I'hc  weights  of  equal  volumes  of 
hydrogen  and  vapour  being  thus  determined,  the  density  of  the 
vapour,  as  compared  with  that  of  hydrogen  = 1,  is  easily  calcu- 
lated. 'I'his  process  of  finding  the  weight  of  a given  volume 
of  vaj)our  was  introduced  by  Dumas.  Gay-Lussac’s  method 
consists  in  determining  the  volume  of  a given  weight : it  has 
been  improved  by  Hofmann.  An  easy  and  excellent  method  i 
by  V.  and  C.  Meyer  consist.s,  like  that  of  Gay-Lussac,  in 
determining  the  volume  of  the  vapour  of  a given  weight  of  a 
fluid  or  solid,  but  differs  from  it  in  so  far  that  the  volume  of 
the  vapour  is  ascertained  by  measuring  an  equal  volume  of  : 
air  which  the  vapour  is  made  to  displace. 

As  this  method  is  the  one  which  is  now  most  commonly 

* 1 cubic  centimetre  of  air  at  0°  C.  and  760  millimetres  weighs  !j 
0 •001293  gramme. 

t 1 litre  (1000  cubic  centimetres)  of  hydrogen  at  0°C.  and  760  milli-  j 
metres  (the  barometer  being  at  0°  C.)  weighs  0‘09  gramme.  100  cubic 
inches  of  hydrogen  at  32°  F.  weigh  2'26.‘5  grains  ; at  60°  F.  2'143  grains 
(the  barometer  being  30  inches  at  60°  F.  in  both  cases).  100  ^'obic 
inches  of  air  at  32°  F.  weigh  32-698  grains  ; at  60°  F.,  30-935  (bfwom.  30 
inches  at  60°  F. ).  1 cubic  inch  of  water  weighs  252  -458  grains  (Chancy. 

252-279)  at  62°  F.,  and  30  inches.  1 gallon  of  water  contains  27/1 
(277-274  at  62°  F.)  cubic  inches.  1 cubic  foot  contains  about  6!  gallons. 
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employed  a somewhat  detailed  description  of  it  may  be  given 
here. 

VapoHr-dcimty  Ddcrminntion  by  Meyer’s  Method. — The 
special  form  of  apparatus  employed  is  represented  in  fig.  46, 
and  consists  essentially  of  the  three  following  parts: — 1.  The 
inner  vessel  a,  which  is  really  a flask  having  an  elongated 
body,  a very  long  narrow  neck,  and  a 
nearly  capillary  side  delivery  - tube  h ; 

2.  The  outer  jacketing  vessel  f,  which 
also  is  a flask  of  special  shape  ; and  3. 

The  measuring  apparatus.  In  order  to 
carry  out  a vapour-density  determina- 
tion, a suitable  liquid,  of  boiling-point 
considerably  higher  than  that  of  the  C 
substance  under  examination,  is  placed 
in  the  outer  vessel  and  is  there  heated 
until  it  is  in  brisk  ebullition  and  its 
vapour  is  condensing  close  to  the  top  of 
the  vessel.  By  this  means  the  greater 
part  of  the  inner  vessel  is  surrounded  by 
a jacket  of  hot  vapour  and  is  thereby 
raised  to  a practically  uniform  tempera- 
ture. Prior  to  this  preliminary  heating 
operation,  the  outlet  end  of  the  delivery- 
tube  h has  been  placed  beneath  the 
water  in  the  vessel  d,  and,  owing  to  the 
expansion  of  the  air  enclosed  in  a, 
bubbles  make  their  escape  at  the  sur- 
face of  the  water.  During  the  heating, 
a weighed  quantity  of  the  substance  to 
be  examined  (contained  in  a very  small 
stoppered  bulb)  is  suspended  in  the 
widened  upper  portion  of  the  inner 
vsesel,  just  below  the  stopper  c which, 
when  replaced,  closes  the  mouth  of  the 
vessel.  As  .soon  as  bubbles  no  longer 
escape  from  b,  the  apparatus  is  ready 
for  an  experiment.  I he  tube  e,  j)re- 
viously  filled  with  water,  is  next  inverted  Km.  4o.— Moyer'H  Vnpour- 
over  the  outlet  end  of  b and  then,  by  aid  Apiiaratu.s. 

of  a wire  which  j)as.ses,  air-tiglit,  through  the  stopper  c,  the 
bulb  containing  tlie  substance  is  released,  and  falls  to  <r, 
where  a thin  layer  of  asbestos  has  previously  been  placai 
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to  prevent  its  cracking  the  glass  of  the  inner  vessel.  As  a 
result  of  the  high  temperature  at  g,  the  stopper  of  the  bulb 
is  forced  out  and  the  whole  of  the  li(][uid  gradually  becomes 
converted  into  vapour  (which  should  not  more  than  half  fill 
the  lower  part  of  a).  This  vapour  drives  out  of  a,  and  into 
the  measuring-tube,  a quantity  of  air  equal  in  volume  to 
that  which  it  itself  occupies. 

At  the  close  of  the  experiment,  the  volume  of  the  air 
in  the  measuring-tube  is  read  off  and  reduced  to  standard 
temperature  and  pressure.  The  corrected  volume  re|n-esents, 
theoretically,  the  space  which  the  weighed  quantity  of  sub- 
stance would  occupy  if  it  existed  as  vapour  under  normal 
conditions  of  temperature  and  pressure.  From  the  results 
thus  obtained,  a simple  calculation  gives  the  vapour-density. 

Determinations  of  the  specific  gravities  or  relative  densi- 
ties of  gase.s,  and  of  the  vapour-densities  of  liquids  (or  of 
vaporizable  solids),  are  carried  out  for  the  purpose  of  fixing 
the  molecular  weights  of  these  various  substances  in  the 
state  of  gas  or  vapour,  and  of  assigning  to  them  molecular 
formuhe.  As  already  explained  in  the  Section  on  the  General 
Principles  of  Chemical  Philosophy,  the  relative  molecular 
weights  of  substances  in  the  gaseous  state  are  proportional 
to  their  relative  densities  (.see  pp.  46,  47).  The  molecular 
weight  of  hydrogen  is  chosen  = 2 as  standard  for  the  com- 
jsarison  of  tlie  molecular  weights  of  other  substances  in  the 
gaseous  state  ; but  since  the  relative  molecular  weight  and 
the  relative  density  of  each  substance  are  proportional  to 
each  other,  it  follows  that  the  number  representing  any 
molecular  weight,  in  terms  of  the  standard  just  mentioned 
(hydrogen  = 2),  may  be  obtained  by  doubling  the  number 
representing  the  relative  density.  The  molecular  weight  of 
a substance  thus  having  been  ascertained,  and  the  quantitative 
composition  and  empirical  formula  also  having  been  deter- 
mined (sec  p.  54),  the  molecular  formula  can  be  assigned. 
The  quantitative  value  of  any  molecular  formula  must  agree 
with  the  experimentally  determined  molecular  Aveight  of  the 
substance  which  it  purports  to  represent.  Thus  the  deter- 
mination of  the  quantitative  composition  of  benzene  and 
the  necessary  calculation  lead  to  the  empirical  formula  CH. 
But  this  formula  would  represent  a substance  of  molecular 

weight  12’91,  or  of  density  (as  vapour)  = 6'455,  Avhereas 
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the  molecular  weight  of  benzene  as  ascertained  by  doubling 
its  vapour  density  is  77‘46  (z.e.,  38‘73  x 2).  The  only  formula 
which  corresponds  to  this  molecular  weight,  as  deduced  from 
the  vapour-density,  is  C„H,j,  and  this,  accordingly,  is  assumed 
as  the  molecular  formula  for  benzene. 


QUESTIONS  AND  EXERCISES 

What  is  meant  by  the  specific  gravity  or  relative  density  of  a 
substance? — In  speaking  of  light  and  heavy  bodies  specifically,  what 
standard  of  comparison  is  conventionally  employed? — How  are 
specific  gravities  expressed  in  figures  ? — Why  should  specific  gravities 
be  taken  at  one  constant  temperature? — How  does  the  buoyancy 
of  air  affect  the  apparent  weight  of  any  material  as  ascertained  by 
aid  of  the  balance? — Give  a direct  method  for  taking  the  specific 
gravities  of  liquids. — A certain  bottle  holds  150  parts,  by  weight, 
of  water,  or  135 ‘7  of  diluted  alcohol;  show  that  the  specific 
gravity  of  the  latter  is  0‘9046. — An  imperial  fluid  ounce  of  a liquid 
weighs  3661  grains;  prove  that  its  specific  gravity  is  0'838. — Equal 
volumes  of  benzol  and  glycerin  weigh  34  and  49  grammes  respectively, 
and  the  specific  gravity  of  the  benzol  is  0'850  ; show  that  the  specific 
gravity  of  the  glycerin  is  1 •225.  — Explain  the  process  employed  in 
taking  the  specific  gravities  of  solid  substances  in  mass  and  in 
powder. — State  the  method  by  which  the  specific  gravity  of  a light 
body,  such  as  cork,  is  obtained. — What  modifications  of  the  usual 
method  are  necessary  in  ascertaining  the  specific  gravities  of  sub- 
stances soluble  in  water  ? — How  are  the  specific  gravities  of  gases 
determined? — What  are  vapour-densities? — Describe  Meyer’s  vapour- 
density  apparatus. — By  what  law  can  the  volume  of  a gas,  at  any 
required  pressure,  be  deduced  from  its  observed  volume  at  another 
pressure? — To  what  extent  will  78  volumes  of  a gas  at  29'3  inches 
barometric  pressure  alter  in  volume  when  the  pressure  is  30 ’2 
inches? — Write  a short  account  of  the  means  by  which  the  volumes 
of  gases  are  corrected  for  temperature. — At  the  temperature  of  15°  C. 
40  litres  of  a gas  are  measured.  To  what  volume  will  this  gas  con- 
tract on  being  cooled  to  the  freezing-point  of  water  (0°  C.)?  Answer, 
37’916  litres. 


Memorandum. — Tlie  next  subjects  of  experimental  study 
will  be  determined  by  the  nature  of  the  student’s  future 
pursuits.  In  most  cases  the  o])erations  of  quantitative 
analy.sis  will  engage  attention.  These  .should  include  both 
volumetric  and  gravimetric  determinations  ; and  some  details 
concerning  both  of  these  modes  of  making  determinations  are 
given  in  the  following  pages, 
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INTRODUCTORY  REMARKS 


General  Principles. — The  proportions  in  which  chemical 
substances  unite  with  each  other  in  forming  compounds  are 
definite  and  invariable  (p.  42).  Quantitative  analysis  is  based 
on  this  law.  When,  for  example,  aqueous  solutions  of  a silver 
salt  and  a chloride  are  mixed,  a white  curdy  precipitate  is 
produced  containing  chlorine  and  silver  in  atomic  proportions 
— that  is,  36T9  ])arts  of  chlorine  to  107T1  of  silver.  No 
matter  what  the  chloride  or  what  the  silver  salt,  the  resulting 
silver  chloride  is  invariable  in  composition.  The  formula 
AgCl  is  a convenient  symbolic  representation  of  this  compound 
in  these  proportions.  In  the  case  of  any  known  weight  of  a 
compound,  of  which  the  quantitative  composition  has  been 
determined  previously,  the  (juantities  of  its  constituents 
can  be  ascertained  by  simple  calculation.  Suppose,  for 
instance,  8’53  parts  of  silver  chloride  have  been  obtained 
in  some  analytical  operation  : this  quantity  will  be  found 
by  calculation  to  contain  2T09  parts  of  chlorine  and 
G'421  of  silver.  For  if  142-3  (the  formula  weight)  of  silver 
cliloride  contain  35-19  (the  atomic  weight)  of  chlorine,  8-53 


35-19  x 8-53  . 

of  silver  chloride  will  contain  142-3”  ~ 2-109  ot 

chlorine;  and  if  142-3  of  silver  chloride  contain  107-11  of 

„ 107-11  x8-63  ^ 

silver,  8-53  of  silver  chloride  will  contain 14.2S “ b'421 


of  silver.  To  ascertain,  for  example,  the  quantity  of  silver 
in  a substance  containing,  say,  silver  nitrate,  all  that  is 
necessary  is  to  take  a weighed  quantity  of  the  substance, 
dissolve  it,  precipitate  the  whole  of  the  silver  by  adding 
hydrochloric  acid  or  other  soluble  chloride  until  silver  chloride 
is  no  longer  produced,  collect  the  precipitate  on  a filter,  wash, 
dry,  and  weigh.  The  quantity  of  silver  in  the  dried  chloride, 
ascertained  by  calculation,  is  the  quantity  of  silver  in  the 
weighed  portion  of  substance  on  which  the  ojieration  was 
conducted  ; a further  simple  calculation  gives  the  quantity 
per  cent. — the  form  in  which  the  results  of  quantitative 
analysis  are  usually  stated.  Occasionally  a constituent  of  a 
substance  admits  of  being  isolated  and  weighed  in  the  un- 
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combined  state.  Thus  the  quantity  of  mercury  in  a substance 
may  be  determined  by  separating  and  weighing  the  mercury 
in  the  metallic  condition  ; if  the  substance  under  examination 
be  ealomel  (HgCl)  or  corrosive  sublimate  (HgCl^),  the  pro- 
portion of  ehlorine  may  then  be  ascertained  by  calculation 
(Hg  = 198’8;  C1  = 35T9),  or  a chlorine  determination  may 
be  made. 

Xalure  of  Gravimetric  Quantitative  Analysis. — As  stated 
above,  an  element  may  sometimes  be  isolated  and  weighed 
and  its  quantity  thus  ascertained ; or  it  may  be  separated 
and  weighed  in  combination  with  another  element  whose 
combining  proportion  is  well  known  ; this  is  quantitative 
analysis  by  the  gravimetric  method. 

Nature  of  Volumetric  Quantitative  Analysis. — Volumetric 
operations  depend  for  suceess  on  some  accurate  initial  gravi- 
metric operation.  A iveighed  quantity  of  a pure  salt  is  dis- 
solved in  water  or  other  fluid,  and  the  solution  is  made  up  to 
a definite  volume  so  as  to  obtain  a standard  solution.  Quantita- 
tive analysis  by  the  volumetric  method  consists  in  ascertaining 
the  volume  of  the  standard  liquid  which  must  be  added  to  the 
substance  under  examination  before  a given  effeet  is  produeed. 
Thus,  for  instance,  a solution  of  silver  nitrate  of  known 
strength  may  be  used  in  experimentally  determining  an 
unknown  quantity  of  a chloride  in  any  substanee.  The  silver 
solution  is  added  to  a solution  of  a definite  quantity  of  the 
substance  until  flocks  of  silver  chloride  are  no  longer  precipi- 
tated : every  107T1  parts  of  silver  added  (or  168‘69  of  silver 
nitrate)  indicate  the  presence  of  35T9  of  chlorine,  or  an 
equivalent  quantity  of  any  chloride.  The  preparation  of  a 
standard  solution,  such  as  that  of  the  silver  nitrate  to  which 
allusion  is  here  made,  requires  much  care ; but  once  it  is 
prepared,  certain  analyses  can,  as  already  indicated,  be 
executed  with  far  greater  rapidity  and  ease  than  by  gravi- 
metric pi’ocesses. 

In  the  following  pages  an  outline  of  volumetrie  and  gravi- 
metric quantitative  analysis  is  given.  The  scope  of  this 
work  precludes  any  attempt  to  describe  all  the  little 
mechanical  details  observed  by  quantitative  analysts ; essen- 
tial operations,  however,  are  so  fully  treated  that  careful 
manipulators  will  meet  with  little  difficulty. 
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Preliminarij  Note. — Great  care  should  be  observed  in 
selecting  a.  fair  sample  of  any  bulk  of  material  that  is  to  be 
examined  either  by  volumetric  or  gravimetric  analysis.  If 
the  whole  quantity  is  in  separate  parcels,  and  if  there  is  any 
ground  for  believing  that  the  parcels  differ  in  quality,  they 
should,  if  practicable,  be  carefully  mixed,  or,  technically, 
“bulked.”  Small  portions  should  be  taken  from  different 
parts  of  the  resulting  heap  and  well  mixed  in  a mortar  or 
other  ves.scl,  or,  in  certain  cases,  dissolved,  and  the  solution 
well  stirred  or  shaken.  A specimen  of  the  powder,  or  a 
portion  of  the  solution,  may  then  be  selected  for  analysis. 

Iiilrodiidioii. — 'I  hc  operations  of  volumetric  analysis  con- 
sist (rt)  in  carrying  out  some  definite  chemical  reaction,  already 
well  known  to  the  operator,  with  (/;)  de/inite  (luanlitica  of  sub- 
stances or  salts ; (c)  the  exact  termination  of  the  reaction 
between  the  two  salts  or  substances  being  ascertained — 
usually  by  some  chemical  indicator  (litmus,  starch,  etc.).  A 
portion  of  the  substance  to  be  tested  is  carefully  weighed  and 
dis.solved.  'I’o  this  solution  there  is  gradually  added  the 
second  substance  contained  in  the  testing  fluid,  commonly 
termed  the  Standard  Volumetric  Solution.  The  usefulness, 
and  indeed  the  preparation,  of  this  Standard  Solution  is 
founded  (as  already  indicated  on  page  711)  on  some  accurate 
initial  gravimetric  ojieration.  A weighed  quantity  of  a pure 
salt  is  dissolved  in  water,  and  the  solution  is  made  up  to  a 
definite  volume  so  as  to  obtain  a Standard  Volumetric 
Solution.  Accurately  niea.mred  volumes  of  such  a Standard 
Volumetric  Solution  will  obviously  contain  just  as  definite 
quantities  of  the  dissolved  salt  as  if  those  quantities  were 
iveighed  in  a balance;  and  as  measuring  occupies  less  time 
than  weighing,  the  volumetric  operations  can  be  conducted 
with  great  economy  of  time  as  com])ared  with  the  corre- 
sjionding  gravimetric  operations.  A xlandard  .solution  is  one 
containing  a known  quantity  of  substance  in  unit  volume. 

A 7iormal  .solution  is  a solution  one  litre  of  which  represents, 
more  or  less  directly,  the  chemical  value  or  activity  of  tlie 
atomic  weight  of  hydrogen  taken  in  grammes  (H  = 1,  that  is. 
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1 gramme).  A dccinonnal  xo/idion  is  one-tenth  the  strength 
of  a normal  solution.  A ceniinormal  soluliun  is  one-hundredth 
the  strength  of  a normal  solution.  The  normal  solution  of 
iodine  (H  = l,  1 = 125-9)  would  contain  125'9  grammes  of 
iodine  per  litre  ; that  quantity  being  capable  of  displacing,  or 
otherwise  being  equal  in  chemical  activity  to,  1 gramme 
of  hydrogen.  The  official  Volumetric  Solution  of  Iodine 
containing  12-59  grammes  per  litre,  is  a decinormal  solution. 
Tlie  official  Volumetric  Solution  of  Silver  Nitrate  con- 
taining 16-869  grammes  of  the  salt  in  one  litre  (AgN03  = 
168-69-^10),  is  a decinormal  solution.  The  official  Volu- 
metric Solutions  of  Soda  (NaOH  = 39-76  grammes  per 
litre),  and  Sulphuric  Acid  (H^SO^  = 97-34-p2,  that  is,  48-67 
grammes  per  litre),  are  normal  solutions.  Solutions  of 
hydrochloric  acid  containing  36-19  grammes  of  hydrogen 
chloride  (HC1  = 36-19)  per  litre;  of  oxalic  acid  containing 
62-55  grammes  of  crystallized  oxalic  acid  (H2C2OJ,  2H20  = 

1 25-10 -p 2)  per  litre;  and  of  phosphoric  acid  containing  32-44 
grammes  of  hydrogen  phosphate  (HgPO^  = 97-32 -p  3)  per 
litre,  would  be  normal  solutions.  The  molecule  of  potassium 
bichromate  (K.,Cr.,07  = 292-3)  presence  of  an  acid,  yields 
three  atoms  of  oxygen  available  for  direct  oxidation,  or  for 
union  with  six  atoms  of  hydrogen,  therefore  a solution  of 
48-71  grammes  (292-3 -p  6)  per  litre  would  be  a normal 
solution.  The  official  Volumetric  Solution  of  Potassium 
Bichromate  contains  one-tenth  of  this  quantity,  and  is, 
therefore,  a decinormal  solution.  The  official  Volumetric 
Solution  of  Sodium  Thiosulphate  is  decinormal,  for  the  mole- 
cular weight  in  grammes  (Na.jS.^Oy,  5H20  = 246-44)  loses  one 
atomic  weight  of  sodium  in  grammes  (Na  = 22-88)  when 
attacked  by  one  atomic  weight  of  iodine  in  grammes  (I  = 
125-9),  a cjuantity  equal  in  chemical  value  or  activity  to  the 
atomic  weight  of  hydrogen  in  grammes  (H  = 1)  ; and  as  the 
official  I'hiosuljihate  Solution,  like  the  official  Iodine  Solution, 
contains  only  one-tenth  of  that  hydrogen  equivalent  in 
grammes,  it  is  a decinormal  solution. 

Apparatus 

The  only  special  vessels  necessary  in  volumetric  quantita- 
tive oj)erations  are: — 1.  A one-lilre  Jla.sk  (fig.  47)  which, 
when  filled  to  a mark  on  the  neck,  contains,  at  15-5°  C.,  or 
60°  F.,  one  litre  (1000  cubic  centimetres,  or,  rather,  1000 
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grammes  of  water*) ; it  serves  for  preparing  solutions  in 
quantities  of  one  litre.  2.  A tall  cylindrical  gradualed  jar 
(fig.  48)  which,  filled  to  the  highest  graduation,  contains  1000 
grammes  of  distilled  water  at  60°  F.  (15’5°  C.),  divided  into 
100  equal  parts  ; it  serves  for  the  measurement  and  admixture 
of  decimal  or  centesimal  parts  of  the  litre.  3.  A graduated 
tube  or  hurcUc  (fig.  49),  the  marked  portion  of  which,  when 
filled  to  “0,”  holds  100  grammes  of  distilled  water,  and  is 
divided  into  100  equal  parts,  or  50  grammes  and  divided  into 
50  ecpial  parts,  each  of  which  is  taken  as  corresponding  to 


Kio.  <17. -A  Ijltre  Klask.  Kin.  <18.— A Litro  Jar. 


1 cubic  centimetre,  with  subdivisions,  each  subdivision  being 
further  subdivided  ; it  is  used  for  accurately  measuring  small 
volumes  of  liquids.  A stojjcock  is  fitted  to  the  contracted 
portion,  or  other  modes  of  arresting  the  flow  of  liquid  may 
be  adopted. 

The  accurate  reading  of  the  height  of  a solution  in  the 
burette  is  a matter  of  great  importance ; it  should  be  taken 
from  the  bottom  of  the  curved  surface,  or  vicniscus,  of  tlie 
liquid.  When  reading  the  burette,  the  eye  should  be  on  the 
same  level  as  the  bottom  of  the  meniscus.  In  the  case  of  a 
coloured  solution,  when  the  bottom  of  the  meniscus  cannot 

* A cubic  centimetre  is  the  volume  occupied  by  one^  gramme  of 
distilled  water  at  its  point  of  greatest  density,  namely,  4°C.  JMetrje 
measurements,  however,  are  officially  taken  at  L'>‘i5°C.  (C0°F.). 
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be  clearly  seen,  the  reading  must  be  taken  from  the  surface 
of  the  liquid. 

Occasionally  a hollow  glass  float  or  bulb  (Erdmann’s  float, 
see  fig.  49)  is  employed,  of  such  a width  that  it  can  move 
freely  in  the  tube  without  undue  friction,  and  so  adjusted  in 
weight  that  it  shall  sink  to  more  than  half  its  length  in  any 
ordinary  liquid.  A fine  line  is  scratched  round  the  centre  of 
the  float ; this  line  must  always  be  regarded  as  marking  the 
height  of  the  fluid  in  the  burette.  In  charging  the  burette, 
a solution  is  poured  in,  not  until  its  surface  is  coincident  with 
0,  but  until  the  mark  on  the  float  is  coincident  with  0. 

DETERMINATION  OF  ALKALIES 

Volumetric  Solution  of  Sulphuric  Acid 
(Sulphuric  Acid,  H.^SO^  = 97‘34.) 

The  sulphuric  radical,  being  bivalent,  and  most  of  the 
metals  contained  in  the  salts  which  are  determined  by  means 
of  standard  sulphuric  acid  solution  being  univalent,  it  is  con- 
venient that  each  litre  of  this  solution  should  contain  half  a 
molecular  weight  (the  hydrogen  equivalent),  in  grammes,  of 
the  acid  (H2SO_j  = 97’34,  and  97'34 -i- 2 = 48‘67).  A solution 
of  this  strength  is  a normal  solution. 

As  it  is  not  always  easy  to  obtain  pure  sulphuric  acid,  the 
solution  may  be  made  from  the  commercial  acid  by  mixing 
50  grammes  with  five  or  six  times  its  volume  of  water  and 
after  cooling  adding  sufficient  water  to  make  a litre  of 
solution.  The  exact  quantity  of  acid  present  in  this  solution 
may  then  be  determined  by  titration  with  pure  sodium 
carbonate,  making  use  of  the  following  memoranda  : — 

Na.COg  + H,SO.,  = Na,S().j  + CO,  + H,0 

2)105^1  2^9  T34 

52-655  48-67 

Pure  anhydrous  sodium  carbonate  can  be  prepared  readily, 
for  commercial  bicarbonate  is  usually  of  such  purity  that  when 
a small  quantity  is  heated  to  redness  for  a (luarter  of  an  hour, 
tlie  resulting  carbonate  is  practically  free  from  imjnirity. 
The  bicarbonate  should,  however,  be  tested,  and  if  more  than 
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traces  of  chlorides  and  sulphates  are  present,  these  may  be 
removed  by  washing  a few  hundred  grammes,  first  with  a 
saturated  solution  of  sodium  bicarbonate,  and  afterwards 
with  pure  distilled  water.  After  drying,  the  salt  is  ready 
for  ignition — a few  grammes  in  a small  crucible. 

About  half  a gramme  of  the  sodium  carbonate  is  accurately 
weighed  and  placed  in  a half-pint  flask,  around  the  neck  of 
which  twine  has  been  wound  to  protect  the  fingers  when  the 
heated  vessel  is  shaken  by  the  operator  (page  122).  The  salt 
is  dissolved  in  water  to  about  one-third  the  capacity  of  the 
flask,  and  a few  droj)s  of  the  indicator,  blue  solution  of  litmus, 
are  added.  The  acid  solution  to  be  “set”  or  “ standardized  ” 
is  tlien  ])Oured  into  a burette  and  run  therefrom  into  the  flask 
until  the  reddened  litmus  indicates  the  jn-esence  of  free  acid. 
This  will  be  due  in  the  first  place  to  carbonic  acid  liberated 
and  remaining  dissolved  in  the  solution  ; hence  the  contents  of 
the  flask  must  be  gently  boiled  for  several  minutes  to  expel 
carbonic  anhydride,  when  the  blue  colour  will  have  returned. 
More  acid  is  then  run  in  until  the  mixture,  after  boiling, 
remains  of  a neutral  colour,  indicating  that  just  enough  acid 
has  been  added  to  complete  the  reaction  expressed  in  the 
foregoing  ecpiation. 

I,et  it  be  supposed  that  O’G  gramme  of  sodium  carbonate 
was  taken,  and  that  this  recpiired  11  c.c.  of  sulphuric  acid 
solution,  how  many  c.c.  of  this  .solution  would  contain  48'G7 
grammes  of  pure  sulphuric  acid  ; or,  what  is  ecjuivalent  in 
the  reaction,  how  many  c.c.  would  be  required  to  neutralize 
.’32-G.')  grammes  of  sodium  carbonate.^  By  rule  of  three, 
O’G  : 11  : ; 52-G5  :.r,  and  a,’  = 9G5-25  ; therefore  in  the  example 
taken  9G5‘25  c.c.  are  equivalent  to  52'G5  grammes  of  sodium 
carbonate,  and  contain  48'G7  grammes  of  sulphuric  acid. 

This  solution  may  be  diluted  with  water,  every  9G5'25  c.c. 
to  be  diluted  to  1000  c.c.,  so  that  1000  c.c.  shall  contain 
48'G7  grammes  of  sulphuric  acid,  or  it  may  be  used  as  it  is 
and  the  necessary  correction  applied. 

Borax,  purified  by  recrystallization,  is  recommended  by 
llimbach  for  standardizing  acids,  in  jilace  of  sodium  carbonate. 
When  it  is  used,  the  indicator  employed  should  be  methyl 
orange,  which  is  not  affected  by  boric  acid. 

'I'he  following  substances  may  be  tested  conveniently  by 
means  of  the  standard  solution  of  sulphuric  acid  : — 

Sohilions  of  Ammoma. — Two  or  three  grammes  of  dilute, 
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or  about  1 gramme  of  strong  solution  of  ammonia,  are  con- 
venient quantities  to  operate  upon.  The  weigliing  is  most 
conveniently  accomplished  hy  taking  a small  stoj^pered  bottle 
containing  half  an  ounce  or  so  of  the  substance,  and  having- 
ascertained  its  total  weight,  transferring  about  the  quantity 
desired  to  the  flask  in  which  the  estimation  is  to  be  conducted, 
and  again  weighing  the  bottle  with  what  remains  in  it.  The 
difference  is  the  exact  quantity  taken.  The  weighing  of  the 
ammonia  solution  having  been  accomplished,  water  is  added, 
to  about  one-third  the  capacity  of  the  flask  (or,  better,  the 
ammonia  is  added  to  water  already  in  the  flask),  and  a few 
drops  of  solution  of  litmus  are  introduced.  The  titration  is 
then  conducted  as  described  before,  except  that  no  heat  is 
employed. 

2NHpH  + H,SO^  = (NH^),SO^  -F  2H2O 
2)69-64 

34-82  48-67  = grammes  in  1000  c.c.  of  normal  solution. 

2NH3  -f-  H^SO,  = (NHJ2SO, 

2)3^88  2)97^4 

16-94  48-67  = grammes  in  1000  c.c.  of  normal  solution. 

1000  c.c.  of  normal  solution,  or  its  equivalent  of  a solution 
of  any  other  concentration,  would,  according  to  this  equation, 
neutralize  16-94  grammes  of  ammonia  gas  (NHg)  or  34-82 
grammes  of  ammonium  hydroxide  (NH^OH).  If  3 grammes 
of  ammonia  solution  had  been  taken,  and  it  had  required  15 
c.c.  of  normal  sulphuric  acid  solution,  then  the  quantity  of 
ammonia  gas  or  ammonium  hydroxide  it  contained  would  be 
seen  by  the  following  calculations : — 

1000  c.c.  : 16-94  g.  NHj  ::  1.5  c.c.  :x  = -254  grammes  NH3 
1000  c.c.  :.34’82  g.  NH^OH  ::  15  c.c.  :x  = ’522  grammes  NH^OH 

Three  grammes,  then,  would  contain  -254  grammes  of  the 
gas,  or  -522  grammes  of  ammonium  hydroxide.  Or  in  per- 
centages ; — 

3 g.  sol.  : -254  g.  NH.,  ::  100  g.  sol.  :x  g.  NH.,  =8 '47  % NH., 

3 g.  sol.  : -.522  g.  NH^OH  ::  100  g.  sol.  :.i-  g.  NH.,HO  = l7-4  % NHjOH 

riie  solution  would  therefore  contain  8-47  per  cent,  of  ammo- 
nia gas  (NHg)  or  17-4  per  cent,  of  ammonium  hydroxide 
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(NHjOH).  If  tlie  sulphuric  acid  solution  was  not  of  full 
standard,  the  number  of  c.c.  which  contained  48'67  grammes 
of  sulphuric  acid,  which  was,  in  fact,  equivalent  to  1000  c.c. 
of  normal  solution,  might  be  substituted  for  1000  c.c.  in  the 
preceding  calculations. 

A comparison  should  now  be  made  with  the  requirements 
of  the  Pharmacopoeia.  It  is  useful  to  express  results  as  per- 
centage of  substance  of  jdiarmacopceial  strength  in  the 
material  examined.  Thus  the  British  Pharmacopoeia  requires 
dilute  ammonia  solution  to  contain  10  per  cent,  by  weight  of 
the  gas  (Ni  l,).  The  .solution  supposed  to  have  been  operated 
on  contained  8-47  per  cent.  NH^,  therefore  it  contains  84'7 
per  cent,  of  the  dilute  ammonia  of  the  British  Pharma- 
copmia.* 

Strong  vSolution  of  Ammonia,  B.P.,  contains  32’5  percent, 
by  weight  of  ammonia  gas  (NH.,). 

Note. — 'I’he  calculations  just  described  for  ammonia  are 
similar  to  those  employed  throughout  volumetric  analysis ; 
they  will  not  be  repeated,  therefore,  in  the  case  of  every  sub- 
stance. 

‘‘Ammonium  Carhonalc.” — The  reaction  indicated  by  the 

* Extremely  minute  quantities  of  ammonia — 1 part  in  many  millions 
of  water — may  be  determined  volumetrically  by  adding  excess  of  a 
colourless,  strongly  alkaline,  solution  of  mercuric  iodide  and  potassium 
iodide,  “vSolution  of  Potassio-mercuric  Iodide,”  B.P.,  or  “Nessler’s 
Itcagent  ” ; then  in  a similar  vessel,  containing  an  equal  amount  of  pure 
water  with  excess  of  the  Nessler  reagent,  imitating  the  depth  of  yellow 
or  reddish-yellow  colour  thus  produced  by  adding  a solution  containing 
a known  quantity  of  an  ammonium  salt.  The  quantity  of  ammonia 
thus  added  represents  the  quantity  in  the  original  liquid. 

The  Neenler  llea(/<mt. — A litre  may  be  made  by  dissolving  30  or  40 
grammes  of  potassium  iodide  in  a small  quantity  of  hot  water,  adding 
a hot  concentrated  solution  of  mercuric  chloride  until  the  precipitate 
of  mercuric  iodide  ceases  to  redissolve  even  by  the  aid  of  rapid  stirring 
and  heat,  slightly  diluting,  filtering,  adding  a concentrated  solution  of 
(120  to  140  grammes  of)  caustic  soda,  or  (160  to  180  grammes  of)  caustic- 
potash,  and  diluting  to  one  litre.  A few  c.c.  (.6  or  6 or  more)  of  a con- 
centrated solution  of  mercuric  chloride  are  finally  stirred  in,  the  whole 
set  aside  till  all  precipitated  mercuric  iodide  has  depo.sited,  and  the 
clear  liquid  is  then  decanted  for  use.  The  reaction  of  this  Nessler  test 
with  ammonia  is  as  follows  : — 

NHg  -1-  2Hgl2  -b  3KOH  = NHg.^I  + 3KI  -)-  3II/) 

Potassio-mercuric  Iodide,  without  alkali,  is  commonly  known  as 
Mayer's  Ileayent,  KHgL,.  A decinormal  solution  is  a convenient  one 
to  use. 
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following  equation  occurs  between  commercial  ammonium 
carbonate  and  sulphuric  acid : — 

2N3HiiC,Og  + 3H.SO,  = 3(NH,),SO,  + 2Hp  = ICO.^ 
6)312-08  6)29'?02 

52'01  48'67  = grammes  in  1000  c.c.  of  normal  solution. 

About  1 gramme  is  a convenient  quantity  to  operate  upon. 
Solution  of  litmus  is  the  indicator,  and  the  titration  is  con- 
ducted at  a temperature  just  short  of  boiling.  The  deter- 
mination is  not  very  satisfactory,  because  the  heat  employed, 
while  scarcely  sufficient  to  expel  the  carbonic  anhydride,  is 
enough  to  occasion  loss  of  ammonium  salt.  To  avoid  error, 
add  excess  of  the  normal  acid  solution  and  thus  fix  every  trace 
of  ammonia ; then  gently  boil  to  get  rid  of  carbonic  anhy- 
dride ; bring  back  the  liquid  to  neutrality  by  an  observed 
volume  of  normal  alkaline  solution,  and  deduct  an  equivalent 
volume  of  acid  from  the  quantity  first  added. 

Spiritm  Ammonice  Arovmticiis,  B.P. — The  alkaliniti/  of  the 
official  sal  volatile  {see  p.  99)  should  be  such  that  “ 20  cubic 
centimetres  require  for  neutralization  25-5  cubic  centimetres 
of  the  volumetric  solution  of  sulphuric  acid  ” ; and,  if  the 
proper  proportion  of  ammonium  carbonale  is  present,  “ 20  cubic 
centimetres,  after  the  addition  of  16  cubic  centimetres  of 
solution  of  barium  chloride,  should  yield  a precipitate  which 
becomes  more  copious  on  heating  to  160°  F.  (71°  C.),  and 
after  filtering,  the  filtrate  should  yield  a further  precipitate 
when  more  of  the  reagent  is  added  and  the  liquid  is  again 
heated.” 

Tw-o  or  three  grammes  is  a convenient  quantity. 
Na^PplOH^O  + H2S0^  = Na^SO^  -f  4H3BO3  + 511,0 
2)379-12  2)97^4 

189-56  48-67  = gramme.s  in  1000  c.c.  of  normal  solution. 

Solution  of  litmus  is  the  indicator,  and  the  titration  may  be 
carried  on  without  heat.  'I’he  liberation  of  boric  acid  colours 
the  litmus  wine-red.  This  is  not  regarded,  the  titration  being 
continued  until  the  bright  red  due  to  the  action  of  free 
sulphuric  acid  makes  its  ajipearance.  Methyl  orange  may 
be  used  as  the  indicator,  as  it  is  not  affected  by  boric  acid. 
The  British  Bharmacopa-ia  requires  Borax  to  be  pure. 
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Lime  Water,  and  Saccharated  Solution  of  Lime. — Measure 
about  half  a litre  of  lime  water,  or  weigh  about  26  grammes 
of  the  saccharated  solution.  The  following  equations  give 
quantitative  expi-essions  of  the  reactions  : — 

Ca(OH).,  + = CaSO,  + 2H2O 

2)73-47  2397-34 

36-735  48-67  = grammes  in  1000  c.c.  of  normal  solution. 

Or,  CaO  + H.,S04  = CaSO.j  + H.p 
2)55-59  2397^4 

27-795  48-67  = grammes  in  1000  c.c.  of  normal  solution. 


Litmus  is  used  as  an  indicator.  One  litre  of  Lime  Water, 
B.P.,  contains  about  1-5  gramme  of  calcium  hydroxide, 
Ca(OM),„  equal  to  about  1-2  gramme  of  quicklime,  CaO. 
'I'en  fluid  ounces  contain  6|  grains  of  calcium  hydroxide. 

Sodium.  Caustic  Potash  and  Soda.  Potassium  and  Sodium 
Carhouates  and  liiear  bon  ales. — Litmus  is  the  indicator  through- 
out, and  heat  is  used  in  all  cases,  for  the  caustic  alkalies 
always  contain  some  carbonate. 

2Na  + HaSO^  = II,  + Na^SO^ 

2)4576  239^4 


22-88  48-67  = grammes  in  1000  c.c.  of  normal  solution. 


2KOH  + HgSO,,  = K2SO4  + 2H2O 
2)^'L42  2)97-34 


55-7 1 48  -67  = grammes  in  1000  c.c.  of  normal  solution. 

2NaOH  + H2SO4  = Na2S04  + 2H2O 
2yT9i2  2)97-34 


39-76 


48-67  = grammes  in  1000  c.c.  of  normal  solution. 


KgCOg  + HgSOj  + =K2S()4  + CO2  H-  M,0 
23^7^1  2)97-34 


68-605 


48'67  = grammes  in  1000  c.c.  of  normal  solution. 
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Or,  K^COg  + 167„Water  + H.SO^  = K^SO^  + CO^  + a-HgO 
2)163-34  2^7-34 

oT  r^n  AQ  cffr  i = grammes  in  1000  c.c.  of  normal 

81 -67  40-0/ I solution. 

NagCOg  + H.^SO^  = NagSO^  + COg  + HgO 
2^'5^1  2)97-34 


52-055  48-07  = grammes  in  lOOO  c.c.  of  normal  solution. 

Or,  Na.gCOg,10H.gO  + HgSO^  = Na.^SO^  + COg  + llHgO 

2)284-11  2)97-34 


142"055  48-07  = grammes  in  1000  c.c.  of  normal  solution. 

2KHCOg  + HgSO^  = KgSO^  + 2COg  + 2HgO 
2^8^  2)97-34 


99-38  48-07  = grammes  in  1000  c.c.  of  normal  solution. 

2NaHCOg  + HgSO^  = NagSO^  + 2COg  + 2HgO 
2)166-86" 


83-43  48-07  = grammes  in  1000  c.c.  of  normal  solution. 

Convenient  quantities  to  operate  with  are  : of  sodium, 
0-4  or  0-5  gramme,  placed  on  10  or  20  c.c.  of  water  in  a basin, 
the  latter  being  immediately  covered  with  a glass  plate  to 
preserve  the  face  and  hands  from  any  caustic  spurtings  and 
to  prevent  loss  of  soda  ; of  caustic  potash,  1 gramme  ; caustic 
soda,  0-5  to  1 gramme ; potassium  carbonate,  or  bicarbonate, 
1 to  2 grammes;  sodium  carbonate,  or  bicarbonate,  2 to  3 
grammes ; dried  sodium  carbonate,  0-5  to  1 gramme ; and  of 
solutions  a corresponding  quantity. 

Potasxiimi  and  Sodium  Tartrates  and  Citrates. — Wlien  alkali- 
metal  tartrates  or  citrates  are  burned  in  the  open  air,  the 
whole  of  the  metal  remains  in  the  form  of  carbonate.  Each 
formula  weight  of  a normal  tartrate  gives  one  formula  weight 
of  carbonate,  and  twice  the  formula  weight  of  an  acid  tartrate 
gives  one  formula  weight  of  carbonate.  Advantage  is  taken 
of  these  reactions  to  determine  indirectly  the  quantity  of 
citrate  or  tartrate  in  presence  of  substances  with  which  they 
are  generally  associated.  One  or  two  grammes  of  any  of 
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these  salts  is  a convenient  quantity  to  operate  upon.  The 
ignition  may  be  conducted  in  a platinum  or  porcelain  crucible. 
A low  red  heat  only  should  be  used,  and  the  vessel  removed 
when  complete  carbonization  has  been  effected — that  is  to 
say,  when  nothing  remains  but  the  carbonate  and  free  carbon. 
The  mixture  is  then  treated  with  hot  water,  and  the  carbon 
separated  by  filtration.  If  too  little  heat  has  been  used,  and 
carbonization  is  not  complete,  the  filtrate  will  be  more  or  less 
coloured.  If  this  should  be  the  case,  the  operation  must  be 
repeated  with  a fresh  quantity  of  material.  The  carbonate 
is  titrated  in  the  usual  way.  The  following  equations  explain 
the  reactions  : — 

(K,^C,II,0„).,Il20  + 5O2  = 2K2CO3  + CCO2  + 5H2O 
4)467-04  4')27?42 

iirt  CQ.cnp;/  oquiv.  to  1000  c.c.  of 

1 1 o’  ( U 00  sulphuric  acid  sol. 

2KHC4H.,()„  + 5O2  = K2CO3  + 7CO3  + 6H2O 
2)373-5  2)l37-21 

lec.'TF;  oquiv.  to  1000 c.c.  of 

loo  10  00  OUO HUlpljm-jg  agj(]  sol. 

2K3C3II3CX  + DO,  = 3K2CO3  + 9CO2  + 5H2O 

6)411-63 

im.qf?  es.r.nr,  / oquiv.  to  1000  c.c.  of 

lUi  01  00  000  ^jjornial  sulphuric  acid  sol. 

2(KNaC,M.,0,„4H20)  + 5O2  = 2KNaCOg  + 6CO2  + I2H2O 

V ^ ' , ^ 

4)560-3  4)242-52 

fiO-Cq/  oquiv.  to  1000  c.c.  of 

idrlJ-U  / 0 DO  DO  normal  sulphuric  acid  sol. 

It  will  be  readily  understood  that  in  the  first  (for  example) 
of  the  reactions  just  represented  116-76  parts  by  weight  of 
potassium  tartrate  are  equivalent  to  68-6  of  potassium  car- 
bonate ; and  as  in  a previous  reaction  it  has  been  shown  that 
68-6  parts  by  weight  of  potassium  carbonate  are  equivalent 
to  48-67  of  sulphuric  acid,  it  follows  that  116-76  parts  by 
weight  of  potassium  tartrate  are  equivalent  to  48-67  of 
sulphuric  acid.  "Hence  116"76  grammes  of  potassium  tartrate 
are  equivalent  to  48"67  grammes  of  sulphuric  acid,  or  to  1000 
c.c.  of  the  standard  solution  of  sulphuric  acid.  If  the  sub- 
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stance  under  examination  be  a crude  sample  of  potassium 
tartrate,  and  if  the  number  of  c.c.  of  sulphuric  acid  used  for 
2 grammes  of  the  sample  has  been  15  c.c.,  then  as  1000  c.c. 
of  the  acid  solution  are  equivalent  to  116'76  grammes  of 
potassium  tartrate,  15  c.c.  of  the  solution  are  equivalent  to 
1'75  gramme  of  potassium  tartrate.  As  2 grammes  of  the 
sample  contain  1'75  of  real  potassium  tartrate,  the  tartrate 
examined  contains  87  5 per  cent,  of  real  tartrate.  Commercial 
samples  of  this  salt  are  practically  pure  as  a rule.  If  calcium 
sulphate  be  present  in  such  tartrates  or  citrates,  loss  of 
j)otassium  carbonate  will  ensue,  potassium  sulphate  being 
formed.  In  examining  acid  potassium  tartrate,  which  is  the 
salt  most  likely  to  contain  calcium  sulphate,  direct  titration 
with  volumetric  solution  of  sodium  hydroxide  may  be 
employed  (see  next  section).  Seven  or  eight  per  cent,  of 
calcium  tartrate  is  commonly  present  in  commercial  cream  of 
tartar.  The  British  Pharmacopoeia  requires  that  the  salt 

should  not  contain  more  than  one-fortieth  of  impurities. 

Rochelle  Salt  and  Sodium  Benzoate  should  each  be  pure  within 
1 per  cent. 

Notes. 

Alkalimetri). — The  foregoing  processes  are  often  spoken 
of  as  those  of  alkalimetnj  (the  measurement  of  alkalies). 

Neutral  Solution  of  Litmus  may  be  made  by  digesting  the 
commercial  fragments  in  about  fifteen  or  twenty  times  their 
weight  of  water  for  a few  hours,  decanting,  dividing  into 
two  equal  portions,  adding  acid  to  one  till  it  is  faintly  red, 
then  pouring  in  the  other  and  mixing.  The  solution  may  be 
kept  in  a stoppered  bottle,  and  occasionally  exposed  to  the 
air.  It  should  never  he  filtered,  hut  allowed  gradually  to 
deposit. 

Weighmg. — In  the  case  of  substances  which  are  liable  to 
alter  by  exposure  to  air,  it  is  important  that  a selected  quantity 
should  be  weighed,  rather  than  that  selected  weights  from  the 
weight-box  be  accurately  balanced  by  material,  the  former 
operation  occupying  much  the  shorter  time.  The  procedure 
adopted  for  Solutio7is  of  Ammojiia  (p.  716)  may  also  be  em- 
ployed. 


QUESTIONS  AND  EXERCISES 
On  what  fundamental  laws  arc  the  operations  of  quantitative 
analysis  based  ?— What  is  the  general  nature  of  f/ravimeirin  quanti- 
tative analysis? — Explain  the  principle  of  volumetric  quantitative 
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analysis. — Define  (1)  a standard  and  (2)  a normal  solution. — 
Describe  the  apparatus  used  in  volumetric  determinations.  — One 
hundred  cubic  centimetres  of  solution  of  sulphuric  acid  contain  4 '867 
grammes  of  hydrogen  sulphate ; calculate  what  weights  of  potassium 
bicarbonate  and  aidiydrous  sodium  carbonate  that  volume  will  neutra- 
lize. Ans.,  9’938  grammes  and  5‘2656  grammes. — Show  what  weight 
of  potassium  hydroxide  is  contained  in  a solution  of  potash  48 ’02 
grammes  of  which  are  neutralized  by  50  c.c.  of  normal  solution  of 
sulphuric  acid.  Ans.,  5 '80  per  cent. — Calculate  the  percentage  of 
(ralcium  hydroxide  in  lime  water  480  grammes  of  which  are  neutralized 
by  20  c.c.  of  the  volumetric  solution  of  sulphuric  acid.  Ans.,  0’153. 
— Eight  grammes  of  a sample  of  Rochelle  salt,  after  ignition,  etc., 
require  54 ’3  c.c.  of  the  official  sulphuric  acid  solution  for  complete 
neutralization ; calculate  the  centesimal  proportion  of  sodium  potassium 
tartrate  present.  Ans.,  95 '076. 


DETERMINATION  OF  ACIDS 

In  tlie  j)revious  experiments  a known  ejuantity  of  an  acid 
lias  been  used  in  determining  unknown  quantities  of  alkalies. 
In  those  about  to  be  described  a known  quantity  of  an  alkali 
is  employed  in  determining  unknown  quantities  of  acids.  The 
alkali  selected  may  be  either  a hydroxide  or  a carbonate,  but 
the  former  is  to  be  preferred ; for  the  carbonic  acid  set  free 
when  a strong  acid  is  added  to  a carbonate,  interferes  to  some 
extent  with  the  indications  of  alkalinity,  acidity,  or  neutrality, 
afforded  by  litmus.  The  alkali  most  convenient  for  use  is 
caustic  soda,  a solution  of  which  has  probably  already  been 
made  the  subject  of  experiment  in  operations  with  the  normal 
solution  of  sulphuric  acid.  It  should  be  kept  in  a stoppered 
bottle,  and  exposed  to  air  as  little  as  possible. 


Volumetric  Solution  of  Caustic  Sou  a 
(Sodium  Hydroxide,  NaOH  = 39'76.) 

This  aqueous  solution  is  most  conveniently  made  of  such 
concentration  that  1000  c.c.  contain  one  formula  weight  in 
grammes  of  the  alkali  (NaOH  = 39-76).  It  will  be  seen  from 
the  following  equation  that  39'76  grammes  of  sodium  hy- 
droxide convert  48'67  grammes  of  sulphuric  acid  into  neutral 
sodium  sulphate.  Therefore  one  litre  of  this  normal  solution, 
containing  39-76  grammes  of  caustic  soda,  will  form  a neutrjd 
solution  of  sulphate  with  one  litre  of  normal  suliihuric  acid 
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solution,  or  with  a chemically  equivalent  quantity  of  sulphuric 
acid  solution  of  any  other  concentration  : — 


48'67  = 1000  C'C.  of  normal  solution.  39'7 6 = 1000  c.c.  of  normal  solution. 

If  pure  sodium  hydroxide  were  at  hand,  it  would  only  be 
necessary  to  weigh  39'76  grammes,  dissolve  this  in  water,  and 
dilute  to  one  litre.  But  the  pure  hydroxide  cannot  readily  be 
obtained.  Therefore  weigh  about  46  grammes  of  ordinary 
caustic  soda,  dissolve  in  water,  and  when  cool  make  up  the 
volume  of  the  solution  to  one  litre.  Then  take,  say,  14  c.c., 
dilute  with  more  water  in  a flask,  add  a few  drops  of  solution 
of  litmus,  and  titrate  with  sulphuric  acid  solution  of  known 
concentration.  Suppose  that  the  volume  of  normal  acid  solu- 
tion required  to  neutralize  the  14  c.c.  of  the  soda  solution  has 
been  15  c.c.,  or  that  an  equivalent  quantity  of  acid  solution 
of  another  concentration  has  been  used ; then,  how  many  c.c. 
of  the  soda  solution  are  equivalent  to  1000  c.c.  of  normal  acid 
solution ; or,  what  comes  to  the  same  thing,  how  many  c.c.  of 
the  solution  contain  39'76  grammes  of  sodium  hydroxide.^ 
It  is  found  that  933  c.c.  of  the  solution  contain,  39’76 
grammes  of  sodium  hydroxide.  The  solution  may  either  be 
diluted,  every  933  c.c.  to  1000  c.c.,  so  that  it  may  be  normal 
(1000  c.c.  = 39’76  grammes  NaOH),  or  it  may  be  used  without 
dilution  (933  c.c.  = 39'76  grammes  NaOH),  care  being  taken 
to  introduce  the  necessary  correction.  It  has  already 
been  mentioned  that  caustic  soda  nearly  always  contains  car- 
bonate. To  remove  resulting  carbonic  acid,  therefore,  the 
.solution  should  be  heated  towards  the  close  of  each  titration 
in  all  the  determinations  in  which  litmus  is  the  indicator. 
VV'hen  methyl  orange  is  used  no  boiling  is  required,  as  that 
indicator  is  not  affected  by  carbonic  acid.  The  following 
substances  are  among  those  which  may  be  determined  witli 
normal  sodium  hydroxide  solution. 

Acclic  Acid. — Operate  upon  about  1 gramme  of  glacial  acid, 
about  20  grammes  of  diluted  acid,  or  about  3 grammes  of 
ordinary  acetic  acid. 


H.SO, 


+ 


2NaOH  = Na.^SO^  + 2Hp 


2)97-34 


2)79-52 


59-58  ' 39-70  = 1000  c.c.  normal  solution. 
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Acetic  Acid,  B.P,,  should  contain  33  per  cent,  of  hydrogen 
acetate  (HCgHgO^).  Diluted  Acetic  Acid,  B.P.,  4’27  per  cent. 
Glacial  Acetic  Acid,  B.P.,  99  per  cent. 

CUric  jlcid. — Operate  on  about  1 gramme.  The  reaction 
is  rejiresented  by  the  following  ecpiation  : — 

HgCgHgOpHgO  + 3NaOPI  = NagCgH^O^  + 4H2O 
3)208-5  3)119-28 

69-5  .39-76  = 1000  c.c.  normal  solution. 

1 1 i/(lroch/oric  Acid. — Operate  on  from  1 to  2 grammes  of 
the  concentrated  acid,  or  on  about  4 grammes  of  the  diluted 
acid . 

HCl  + NaOH  = NaCl  + H^O 
36-19  39-76  = 1000  c.c.  normal  solution. 

I lydrocliloric  Acid,  B.P.,  should  contain  31-79  per  cent,  of 
real  acid  (HCl);  and  Diluted  Hydrochloric  Acid,  B.P., 
10-58  per  cent.  Diluted  Hydrobromic  Acid,  10  per  cent. 
(HBr). 

JmcHc  Acid,  B.P.,  contains  about  75  per  cent,  of  real  acid. 

Nilric  Acid. — Operate  on  from  1 to  2 grammes  of  concen- 
trated, or  on  4 to  5 grammes  of  diluted  acid. 

HNOg  + NaOH  = NaNOg  + H./) 

62-58  39-76  = grammes  in  1000  c.c.  normal  solution. 

Nitric  Acid,  B.P.,  should  contain  70  per  cent.;  and  Diluted 
Nitric  Acid,  B.P.,  17-44  per  cent,  of  hydrogen  nitrate  (HNOg). 

Nilruhjfdrochlonc  Acid. — Operate  ujion  4 to  5 grammes  ot 
diluted  acid.  The  reaction  is  a complex  one.  The  British 
Pharmacopoeia  requires  that  4 grammes  of  the  diluted  acid 
should  neutralize  about  10  c.c.  of  volumetric  solution  of  sodium 
hydroxide. 

Sulphuric  Acid. — Operate  upon  from  0-5  to  1 gramme  of 
concentrated  acid,  or  from  4 to  5 grammes  of  either  Diluted 
or  Aromatic  Sulphuric  Acid. 

H2SO4  + 2NaOH  = Na.,SO.^  + 2H,/) 

2^™  2)79-52 


48-67 


39*76  = graminos  in  1000  c.c.  nonnnl  solution. 
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Sulphuric  Acid,  B.P.,  should  contain  98  per  cent. ; Diluted, 
B.P.,  13-65  per  cent.  ; and  Aromatic,  B.P.,  the  equivalent  of 
13-8  per  cent,  of  hydrogen  sulphate  (H^SOJ. 

Tartaric  Acid. — Operate  upon  about  1 gramme  of  the  acid. 
The  following  equation  represents  the  reaction  : — 

+ 2NaOH  = Na^CJT^O^  + 2H/) 
2)148-92^  2)79-52 

74-46  39-7 6 = grammes  in  1000  c.c.  normal  solution. 

iVo/ra. — 1 . Pure  acetates,  citrates  more  especially,  tartrates, 
and  some  other  organic  salts,  have  an  alkaline  action  on  litmus, 
but  not  to  an  important  extent.  If  the  caustic  soda  solution 
be  added  to  acetic,  citric,  or  tartaric  acid,  containing  litmus, 
until  the  liquid  is  fairly  blue,  the  operator  ivill  obtain  fairly 
trustworthy  results  ; but  in  delicate  experiments  turmeric  or 
phenol-phthalein  should  be  used  instead  of  litmus.  Phenol- 
phthalein,  B.P.,  is  “produced  by  interaction  of  jihenol  and 
phthalic  anhydride.”  Its  tincture  yields  an  intense  red  colour 
with  caustic  potash  or  soda,  hence  may  be  used  as  an  indicator 
of  the  termination  of  volumetric  reactions,  especially  those 
with  organic  acids.  “Solution  of  Phenol-phthalein,”  B.P.,  is 
made  by  dissolving  0-4  gramme  of  phenol-phthalein  in  200 
c.c.  of  dilute  alcohol. 

2.  The  term  acidimclry  is  ajiplied  to  such  operations  as 
those  described  above  for  the  determination  of  the  quantities 
of  acids  in  solutions. 


QUESTIONS  AND  EXERCISES 

Calculate  the  percentage  of  real  acid  present  in  dilute  sulphuric 
acid  30  grammes  of  which  are  neutralized  by  84  c.c.  of  the  official 
volumetric  solution  of  caustic  soda.  Ans.,  13-628. — Show  how  much 
real  nitric  acid  is  contained  in  a solution  36  grammes  of  which  are 
neutralized  by  94  c.c.  of  normal  solution  of  sodium  hydroxide.  Ans., 
16 -34  per  cent. 


DETERMINATION  OF  ACID  RADICALS 
PRECIPITATED  BY  SILVER  NITRATE 

The  purity  of  many  salts  and  the  concentrations  of  thcir 
solutions  may  be  determined  by  this  process ; but  officially  it 
is  chiefly  used  for  tlie  determination  of  diluted  hydrocyanic 
acid,  other  cyanides,  and  some  bromides  and  iodides. 
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Standard  Solution  of  Silver  Nitrate 

(Silver  Nitrate,  AgNOg=  168’69.) 

Dissolve  16'869  grammes  of  pure  silver  nitrate  in  one 
litre  of  water.  1000  c.c.  of  this  solution  contain  of  the 
formula  weight  in  grammes  of  silver  nitrate.  It  is  therefore 
a (lecinormal  solution. 

If  pure  dry  crystals  of  silver  nitrate  are  not  at  disposal, 
and  jnire  dry  crystals  of  sodium  chloride  are  at  hand,  a solution 
may  be  made  of  ajiproximate  strength  and  then  be  standard- 
ized by  means  of  tlie  latter  salt.  The  method  may  be  thus 
indicated  : — 

NaCl  + AgNOg  = AgCl  + NaNOg 

10^8^07  1 0^68^9 

n.oM  1 C.QCQ  / = gi'iunmos  in  1000  c.c. 

O oV  I iDoDy|  dccinormnl  solution. 

'I'ake  rather  less  tlian  OT  gramme  of  the  sodium  chloride 
(NaCl),  and  dissolve  it  in  water.  The  silver  chloride  (AgCl) 
precipitated  in  the  reaction  is  an  insoluble  salt,  and  the  end 
of  its  precipitation  will  serve  as  a good  indication  of  the  com- 
pletion of  tlie  reaction.  A better  indicator,  however,  is  a 
drop  of  solution  of  potassium  chromate;  the  potassium 
chromate  used  must  be  free  from  chloride.  The  silver  nitrate 
does  not  act  upon  the  chromate  until  all  the  chloride  is  con- 
verted into  silver  chloride,  after  which  a deeji  red  precipitate 
of  silver  chromate  is  produced.  This  indication  is  extremely 
delicate,  and  in  practice  is  noticed  when  the  white  colour  due 
to  silver  chloride  changes  to  yellowish  from  formation  of  the 
first  traces  of  silver  chromate.  Solutions  should  be  cool  and 
not  very  dilute. 

Ihjdroajanic  Acid. — Three  to  four  grammes  of  dilulcd  acid 
form  a convenient  quantity  to  opei’atc  upon.  The  HCN  is 
first  converted  into  KCN  or  NaCN,  with  caustic  potash  or 
soda.  The  following  equations  explain  the  reactions  : — 
2HCN  -t-  2NaOH  = 2NaCN  -t-  2H2O 

10)^7  10)9't76 


6-37  9-746 

2NaCN  + AgNOg  = NaCN,AgCN  H-  NaNOg 

1^97-46  10)168-69 


9-746 


16-*869  = giamnuw  in  1000  c.i\  ilociiioniml  solution. 
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It  is  seen  that  5'37  grammes  of  hydrogen  cyanide  (HCN)  are 
equivalent  to  9 746  grammes  of  sodium  cyanide,  and  represent 
16’869  grammes  of  silver  nitrate,  or  1000  c.c.  of  decinormal 
solution  of  silver  nitrate. 

The  sodium  cyanide  having  been  obtained,  the  titration 
is  carried  on  until  the  salt  is  converted  into  the  double  salt 
(NaCN,AgCN),  immediately  after  which  a permanent  turbid- 
ity occurs,  due  to  precipitation  of  silver  cyanide,  thus  : — 

AgCN,NaCN  -i-  AgNOg  = 2AgCN  -t-  NaNOg 

The  commencement  of  this  turbidity  forms  a delicate  and 
satisfactory  proof  of  the  completion  of  the  volumetric  reaction. 

There  is,  however,  a difficulty  in  the  conversion  of  the  acid 
into  the  cyanide  (Siebold),  to  which  it  is  necessary  to  pay 
particular  attention.  Solution  of  litmus  is  added  to  the  acid 
diluted  largely  with  water,  and  the  sodium  hydroxide  solution 
poured  in.  Owing  to  the  strong  alkaline  reaction  of  the 
sodium  cyanide  formed,  the  mixture  becomes  blue  when  only 
a small  proportion  of  the  acid  has  been  converted.  If  then 
the  titration  be  conducted  until  the  turbidity  appears,  only 
the  sodium  cyanide  will  be  estimated,  leaving  free  hydro- 
cyanic acid  still  unacted  upon.  Indeed,  sodium  cyanide  may 
be  estimated  in  presence  of  hydrocyanic  acid  in  this  way. 
Thus  the  following  reaction  (expressed  approximately)  might 
occur  : — 

NaCN  + 4HCN  + AgNOg  = AgCN  -t-  NaNOg  + 4HCN 
^ . " ' ^ 

Alkaline.  Turbid  and  acid. 

In  this  case  only  one-fifth  of  the  cyanogen  originally 
present  would  be  precijiitated.  I'he  mixture  would,  however, 
become  acid.  If  this  acidify  be  prevented,  all  difficulty  is 
overcome.  The  following  details  (Seniei’)  will  be  found  to 
answer  well.  To  the  diluted  hydrocyanic  acid  add  caustic 
soda  solution  until  a .strongly  alkaline  reaction  is  shown  by 
the  solution  of  litmus.  Then  add  the  silver  solution  drop  by 
drop  from  the  burette,  when  in  most  cases  the  mixture  will 
become  acid.  When  it  does  so,  add  more  soda  solution,  and 
repeat  this  process  until  the  final  reading,  when  the  solution 
must  be  alkaline.  In  this  way  the  addition  of  too  much  soda 
at  the  commencement,  which  would  use  up  silver  solution  and 
make  the  reading  a trifle  too  high,  is  avoided. 

Diluted  Hydrocyanic  Acid,  B.  I*,  and  U.S.P.,  should  contain 
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2 per  cent,  of  hydrogen  cyanide  (HCN) ; Aqva  Lmtrocerasi, 
B.P.,  O'l  per  cent. 

Potassium  Cyanide. — A sample,  of  which  O'l  gramme,  in 
dilute  solution,  requires  7'3  c.c.  of  decinormal  silver  nitrate 
solution,  contains  95  per  cent,  of  real  cyanide.  Any  sulphide 
may  be  removed  by  shaking  the  solution  with  lead  carbonate. 
Other  oi’dinarj^  impurities  do  not  interfere. 

The  i)otassium  cyanide  of  commerce  very  often  contains 
considerable  quantities  of  sodium  cyanide.  The  cyanide  in 
it  is  usually  calculated  to  potassium  cyanide,  so  that  as  the 
atomic  weight  of  sodium  is  much  less  than  that  of  potassium 
it  is  (juite  possible  for  a sample  of  “ Potassium  Cyanide  ” to 
appear  as  containing  more  than  100  per  cent,  of  that  salt. 

Ammonium  Bromide. — Take  OT  to  0'2  gramme  and  conduct 
the  titration  in  the  same  manner  as  for  sodium  chloride,  using 
potassium  chromate  as  indicator  : — 


NH.,Br  + AgNO„  = 
10)97-29  10)168-C9 

9-729  1G-8G9{ 


AgBr  + NH,jN()3 


— uraminos  in  1000  c.c.  of 
(locinornuU  solution. 


Potas.sinm  Bromide. — Operate  upon  rather  less  than  0-1 
gramme,  and  conduct  the  titi-ation  in  the  same  manner  as  with 
sodium  chloride,  using  potassium  chromate  as  indicator : — 


KBr  + AgNOg  = AgBr  + KNOg 
10)118-18  10^68-G9 

n.Qi  n 1 c'.Qen  / = grivinmcs  in  1000  c.c.  of 

oio  lUcSoy|^  decinormal  solution. 

Remembering  that  1G8-G9  parts  of  silver  nitrate  (AgNOg  = 
1G8-69)  decompose  118-18  of  potassium  bromide  (KBr  = 
118-18),  while  on  the  one  hand  they  decompose  as  little  as  i 
74-02  of  potassium  chloride  (KC1  = 74-02),  and  on  the  othcr 
hand  as  much  as  1G4  73  parts  of  potassium  iodide  (KI  = 
1G4-73),  it  will  be  seen  that  the  quantitative  operation  of  the 
chloride  as  an  impurity  may  neutralize  the  quantitative  ojiera- 
tion  of  the  iodide.  Hence  the  necessity  to  test  the  bromide 
qualitatively  as  well  as  (juantitatively,  and,  as  regards  either 
impurity  singly,  of  fixing  maximum  as  well  as  minimum  limits 
of  the  action  of  the  volumetric  solution  of  silver  nitrate  on 
potassium  bromide.  “ Each  gramme,  dissolved  in  water. 
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requires  for  complete  precipitation  not  less  than  83*7  nor 
more  than  85  4 cubic  centimetres  of  the  volumetric  solution 
of  silver  nitrate.” 

Potassium  Iodide. — ^0'2  should  require  12  c.c.  The  salt  is 
often  98  or  99  per  cent,  pure,  containing  not  more  than  0’5 
per  cent,  of  chloride,  a little  sulphate  and  a little  carbonate. 

Sodium  Iodide. — OT  should  require  6 65  c.c.,  equivalent  to 
99  per  cent,  of  real  iodide. 

Potassium  Iodide  may  be  determined  volumetrically  by 
means  of  a twentieth  normal  solution  of  mercuric  chloride,  the 
termination  of  the  operation  being  indicated  by  the  com- 
mencement of  the  formation  of  a red  precipitate  : — 

(1)  3KI  + HgCl.,  = 2KCl  + KHgl3  (soluble). 

(2)  2KHgl3  4-  HgCl,  = 2KC1  + 3Hgl2  (insoluble). 

The  author  of  this  process,  M.  Personne,  stated  in  1875 
that  neither  chlorides,  bromides,  nor  carbonates  interfere. 
Carles  dissolves  the  iodide  in  alcohol  of  17|^  percent.,  as  much 
excess  of  water  may  decompose  the  double  iodide. 

Ferrotts  Iodide. — Messrs  Naylor  and  Hooper  in  1881 
demonstrated  that  Personne’s  solution  is  applicable  to  ferrous 
iodide,  even  in  the  state  of  syrup  : — 

(1)  2Fel2  + HgCl,  = FeCl2  + Fel2,Hgl2  (soluble). 

(2)  Fel2,Hgl2  + HgCP  = FeClj  -I-  2Hgl2  (insoluble). 

'Phe  use  of  mercuric  chloride  for  determining  the  strength 
of  syrup  of  ferrous  iodide  was  first  suggested  by  E.  Smith  in 
1859.  The  process  was  improved  by  T.  & H.  Smith  in  1860. 

Sodiimi  Arsenate. — In  the  British  Pharmacopoeia  of  1867, 
sodium  arsenate  was  estimated  by  titration  with  standard 
solution  of  silver  nitrate,  a sufficient  quantity  of  soda  to  con- 
vert it  into  tri-sodium  arsenate  being  first  added.  The  com- 
pletion of  the  reaction  was  indicated  by  a precipitate  no  longer 
forming  with  more  of  the  silver  solution.  As  the  termination 
of  the  reaction  is  ill-defined,  and  the  amount  of  soda  to  be 
added  can  oidy  be  ascertained  when  the  amount  of  arsenate 
is  already  known,  this  method  is  very  unsatisfactory.  The 
salt  is  now  determined  officially  by  precipitation  with  lead 
acetate.  (.See  also  pp.  734  and  738). 

Spiritus  Recti/icatiis,  B.P.,  may  contain  traces  of  amyl 
alcohol  and  aldehyde ; these  may  be  detected  by  adding 
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silver  nitrate,  which  is  reduced  by  them  to  the  metallic  state. 
Any  quantity  beyond  a mere  trace  of  such  substances  renders 
tlie  alcohol  too  impure  for  use  in  medicine.  ” 100  cubic  centi- 
metre.s,  with  2 cubic  centimetres  of  the  volumetric  solution 
of  silver  nitrate,  exposed  for  twenty-four  hours  to  bright 
light,  and  then  decanted  from  the  black  powder  which  has 
formed,  undergo  no  further  change  when  again  exposed  to 
liglit  with  more  of  the  volumetric  solution.” 


QUESTIONS  AND  EXERCISES 

Explain  tlie  volumetric  method  of  determining  the  strength  of 
aqueous  solutions  of  hydrocyanic  acid. — Calculate  how  much  silver 
nitrate  will  indicate  the  presence  of  1 part  of  real  hydrocyanic  acid. 
- 3T  ‘l  parts. 


DETERMINATION  OF  SUBSTANCES 
READILY  OXIDIZED 

Any  sub.stancc  which  quickly  unites  with  a definite  weight 
of  oxygen,  or  is  su.scc])tible  of  any  equivalent  action,  may  be 
(juantitatively  tested  by  ascertaining  how  much  of  an  oxidiz- 
ing agent  of  known  power  must  be  added  to  a given  quantity 
before  complete  oxidation  is  effected.  The  oxidizing  agents 
employed  for  this  purpose  in  the  British  Pharmacopoeia  are 
iodine  and  i)otassium  bichromate.  Potassium  permanganate 
is  often  used  for  the  same  purpose.  Iodine  acts  indirectly, 
by  taking  liydrogen  from  water  and  liberating  oxygen ; 
potassium  bichromate  directly,  by  the  facility  with  which  it 
yields  three-sevenths  of  its  oxygen — as  indicated  by  the 
C([uations  and  statements  given  on  pp.  736,  737  ; potassium 
permanganate,  by  affording  five-eighths  of  its  oxygen  in 
presence  of  an  acid,  and  an  oxidizable  substance  (p.  740)  : 

2KM11O4  -h  4H2SO4  = 2KHSO^-f  2MnSO,j  -f  + 50 

Standard  Solution  of  Iodine 
(Iodine,  I = 125‘9.) 

If  pure  iodine  be  not  at  hand,  it  may  be  prepared  by 
mixing  the  commercial  article  with  about  a fourth  of  its 
weight  of  potassium  iodide  and  subliming.  Sublimation  may 
be  effected  by  gently  warming  the  mixture  in  a beaker,  the 
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mouth  of  which  is  closed  by  a funnel ; the  iodine  vapour 
condenses  on  the  funnel,  while  fixed  impurities  are  left 
behind,  and  any  chlorine  which  the  iodine  may  contain  is 
absorbed  by  the  potassium  iodide,  an  equivalent  quantity  of 
iodine  being  liberated.  Small  quantities  may  be  similarly 
treated  between  two  watch-glasses,  placed  edge  to  edge. 
Any  trace  of  moisture  in  the  resublimed  iodine  is  removed 
by  exposure  “for  a few  hours  under  a glass  shade  placed 
over  a dish  containing  concentrated  sulphuric  acid.” 

Place  12'59  grammes  of  pure  iodine  and  about  18  grammes 
of  pure  potassium  iodide  (an  aqueous  solution  of  which  is  the 
best  solvent  of  iodine ; the  salt  plays  no  other  part  in  these 
operations)  in  a litre  flask,  add  a little  water  and  agitate  until 
the  iodine  is  dissolved  ; dilute  to  1 litre. 

The  followng  substances  may  be  determined  by  this 
decinormal  solution : — 

Sulphurous  Acid. — Operate  on  about  0'5  gramme  of  the 
acid,  and  dilute  with  water.  If  the  sulphurous  acid  be  diluted 
to  a less  degree  than  0'04  or  0‘05  per  cent.,  there  will  be 
some  risk  of  the  sulphuric  acid  subsequently  formed  being 
again  reduced  to  sulphurous  acid,  witt  liberation  of  iodine. 
In  delicate  experiments  the  distilled  water  used  for  dilution 
should  previously  be  freed  from  air  by  boiling,  to  prevent 
the  small  amount  of  oxidizing  action  which  dissolved  air 
would  exert.  The  solution  of  iodine  is  then  added  until  a 
slight  permanent  brown  tint  is  produced,  showing  the  pres- 
ence of  free  iodine.  A better  indicator  of  the  termination 
of  the  reaction  is  starch  mucilage,  which  gives  a blue  colour 
with  the  slightest  trace  of  free  iodine. 

The  following  equation  shows  the  reaction  that  takes 
place : — 


The  official  (B.P.)  sulphurous  acid  should  contain  6‘4  per 
cent,  of  hydrogen  sulphite  (HgSO^)  corresponding  to  5 per 
cent,  of  sulphurous  anhydride  (SO2). 

Arsenium. — About  OT  gramme  of  solid  arsenious  anlujdride, 
accurately  weighed,  should  be  dissolved  in  the  usual  quantity 
of  water,  heated  to  boiling,  by  aid  of  about  0'5  gramme  of 


H2SO3  + H2O  -H  I2  = 2HI  + HgSO^ 
20)81-46  20)^ -8 


4-073 


I 9 AQ  I “ grammes  in  1000  c.c.  of 
X.a  Ot)  \ dfU'innrmal  ftolnt.inn. 


decinormal  solution. 
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sodium  bicarbonate.  The  arsenious  anhydride  is  only  partly, 
if  at  all,  converted  into  arsenite ; but  the  reaction  with 
iodine  occurs  more  readily  in  a solution  which  is  not  acid. 
W hen  the  liquid  is  quite  cold,  starch  mucilage  is  added,  and 
the  iodine  solution  allowed  to  flow  in  until,  after  well  stirring, 
a i^ermanent  blue  colour  is  produced. — The  official  arsenical 
sohdion  already  containing  some  potassium  carbonate  must  be 
neutralized  by  hydrochloric  acid  before  the  sodium  bicarbonate 
is  added.  10  cubic  centimetres  is  a convenient  quantity  to 
o])crate  with.  To  this  should  be  added  the  usual  quantity  of 
water  and  about  0’6  gramme  of  sodium  bicarbonate.  After 
boiling  and  cooling,  the  titration  is  carried  on  as  before. — 
About  10  cubic  centimetres  of  the  official  hydrochloric  solution 
of  arsenic  is  also  a convenient  quantity  to  use.  This  quantity 
rc(] Hires  about  0'6  gramme  of  sodium  bicarbonate.  Water  is 
added,  and  the  titration  jierformed  as  before.  The  following 
ecpiation  exhibits  the  reaction  : — 


As^O,,  + lOI-ip  + 4I2  = SHI  + 4I-I3ASO4 

80)393-28  80)rd07-2 

4-91G  12-59  { 


(locinormal  solution. 


Both  the  official  solutions  contain  arsenium  corresponding 
to  1 per  cent,  of  arsenious  anhydride. 

In  the  foregoing  operation,  if  ebullition  be  continued 
longer  than  is  necessary  for  the  solution  of  the  arsenious  an- 
hydride, more  sodium  carbonate  may  be  formed  than  will  be 
reconverted  into  bicarbonate  by  the  liberated  carbonic  acid  ; 
loss  of  iodine  will  then  ensue.  The  results  obtained  by  this 
method  are  therefore  liable  to  vary  slightly.  E.  J.  Woolley 
showed  that  borax  may  be  used  with  advantage  in  place  of 
the  sodium  bicarbonate.  The  results  of  later  experiments 
confirm  this  conclusion,  and  show  that  determinations  can  be 
carried  out  not  only  more  accurately  but  more  conveniently 
and  quickly  if  borax  is  used,  for  it  is  a satisfactory  solvent  for 
arsenious  anhydride  and  has  not  the  disadvantage  of  being 
decomposed  during  the  ebullition. 

Sodium  arsenate  may  be  determined  by  treating  it  with 
sulphurous  acid,  boiling  to  expel  the  excess  of  the  acid  and 
then  titrating  with  decinormal  iodine  solution  as  above. 


NagH  AsO^  + HgSOg  = NaAsO^  + NaHSO.,  + 1 1,0 
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Anlimony  is  also  raised  in  valency  under  the  influence  of 
nascent  oxygen,  iodine,  or  an  equivalent  acid  radical.  The 
following  equation  illustrates  the  reaction  with  tartar  emetic 
and  iodine.  The  student  should  make  several  determinations 
with,  say,  20  c.c.  of  a solution  containing  2 grammes  of  pure 
tartar  emetic  in  200  c.c.  To  the  20  c.c.  add  about  an  equal 
volume  of  concentrated  solution  of  sodium  bicai'bonate  and 
2 c.c.  of  starch  mucilage,  and  then  the  iodine  solution,  until, 
after  stirring,  the  blue  colour  is  fairly  persistent.  The  whole 
operation  should  be  conducted  rapidly  or  a precipitate  of  an- 
timonious  hydroxide  will  be  formed,  and  it  is  only  when  in 
solution  that  the  antimony  is  properly  attacked.  This  pro- 
cess is  due  to  Mohr.  It  has  been  tested  by  Fresenius  and  in 
the  Research  Laboratory  of  the  Pharmaceutical  Society,  and 
is  trustworthy. 


(KSbOC,HA>>.HoO  + 2Io  + 3HoO  = 4HI  + 2KHC4H,Og  + 2HSbOa 
40)659-14  40)503-6 

16-478  12-59  = grammes  in  1000  c.o.  of  decinormal  solution. 

Sodium  Thiosulphate. — About  0-4  gramme  is  a convenient 
quantity  to  employ.  It  is  dissolved  in  water,  starch  mucilage 
added,  and  the  iodine  solution  slowly  run  in,  the  whole  being 
frequently  stirred,  until  a permanent  blue  colour  is  produced. 

In  the  previous  reactions  iodine  has  acted  as  an  indirect 
oxidizing  agent  by  uniting  with  the  hydrogen  and  thus 
liberating  the  oxygen  of  water.  In  the  present  case  it  unites 
with  an  analogue  of  hydrogen,  namely  sodium,  a new  salt 
(sodium  tetrathionate)  being  also  produced,  thus  : — 

2(Na,S.p3,5H20)  + = 2NaI  + Na.S^Oy  + lOH^O 

20)492-88  20)261-8 

94.-fia.4.  1 9-PlQ  / = grammes  in  1000  c.c.  of 

I.H  .jv  decinormal  solution. 

The  British  Pharmacopoeia  requires  absolute  purity  in  the 
case  of  sodium  thiosuljfliate. 

Note. — Sodium  thiosulphate  may  be  obtained  in  a perfectly 
dry  condition  by  treating  the  powdered  salt  with  alcohol  (90 
or  95  per  cent.),  filtering,  removing  the  excess  of  alcohol  by 
washing  with  ether,  and  then  expelling  the  ether  by  a current 
of  dry  air. 
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QUESTIONS  AND  EXERCISES 

Give  equations  illustrative  of  the  reactions  on  which  the  use  of  a 
standard  volumetric  solution  of  iodine  is  based. — From  what  point  of 
view  is  iodine  an  oxidizing  agent  ? — What  reagent  indicates  the  termina- 
tion of  the  reaction  between  reducing  substances  and  moist  iodine  ? — 
How  much  sulphurous  anhydride  will  cause  the  absorption  of  2 '51 8 
parts  of  iodine  in  the  volumetric  reaction?  Ans.,  0'6358. — What 
quantity  of  iodine  will  be  required,  under  appropriate  conditions,  to 
oxidize  .5  parts  of  arsenious  anhydride?  Ans.,  12’805. — Find  by  cal- 
culation tlie  amount  of  sodium  thiosulphate  which  will  react  with  13 
parts  of  iodine  in  volumetric  analysis.  Ans.,  25 ’446. 


Voi.umethic  Solution  op  Potassium  Bichromate 
(Potassium  Bichromatej  K2Ci-207  = 292'3.) 

When  used  as  an  oxidizing  agent  in  acid  solution,  potas- 
sium bicliromate  yields  the  whole  of  its  oxygen  to  the  hydro- 
gen of  tlie  accompanying  acid,  a corresponding  quantity  of 
acid  radical  being  set  free — four-seventlis  of  this  radical 
immediately  combining  witli  the  potassium  and  chromium  of 
the  bichromate,  three-sevenths  becoming  available  for  oxida- 
tion. Ferrous  salts  may  thus  be  converted  into  ferric  with 
sufficient  rapidity  and  exactitude  to  admit  of  the  determina- 
tion of  an  unknown  quantity  of  iron  by  a known  quantity  of 
the  biclu’omate. 

K.,Cr.P7  I-  8H.,S04  + GFeS04  = 2KHSO4  + Cr..(S04);,  + 7H.,0  + 3Fe2(S04)3 

The  volumetric  solution  is  made  by  dissolving  4-87 
grammes  of  the  formula  weight  in  grammes)  of  potassium 
bichromate  in  water,  and  diluting  to  one  litre.  It  is  used  in 
determining  the  quantity  of  ferrous  iron  present  in  a pre- 
paration. It  is  known  that  the  whole  of  the  ferrous  has  been 
convei'ted  to  ferric  salt  when  a small  drop  of  the  liquid 
placed  in  contact  with  a drop  of  a fresh  and  very  dilute  solu- 
tion of  potassium  ferricyanide,  on  a white  plate,  no  longer 
produces  a blue  colour. 

If  the  bichromate  employed  in  making  this  solution  is 
not  known  to  be  pure  and  dry,  the  concentration  of  the 
solution  may  be  checked  by  dissolving  an  accurately  weighed 
piece  of  pianoforte  wire  (0‘4  or  0*5  gramme)  in  dilute  sulphuiic 
acid  in  a small  flask,  warming,  and  then  adding  the  solution 
of  bichromate  until  conversion  is  effected. 
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The  reactions  which  take  place  m,ay  be  thus  repre- 
sented : — 


It  is  evident  that  5'56  grammes  of  iron  are  equivalent  in 
the  reactions  to  4'87l  grammes  of  bichromate  (i.e.,  to  1000 
c.c.  of  the  standard  solution).  Now  supposing  that  0'5 
gramme  of  pianoforte  wire  has  been  employed,  and  the 
quantity  of  solution  of  bichromate  of  unknown  strength  used 
has  been  88  c.c.  ; how  many  c.c.  of  this  solution  contain 
4’871  grammes  of  bichromate,  that  is,  how  many  c.c.  will  be 
required  to  oxidize  ferrous  salt  containing  5*56  grammes  of 
iron  ? By  calculation  it  is  found  that  978'5  c.c.  contain  4’871 
grammes  of  bichromate,  and  are  equivalent  to  1000  c.c.  of 
standard  solution.  It  might  be  employed  without  being 
diluted,  or,  better,  be  diluted  to  official  standard  (decinormal) 
strength. 

For  standardizing  the  solution  of  bichromate,  instead  of 
iron  wire,  the  light-green  crystals  of  the  double  ammonium 
ferrous  sulphate  ((NH^).,S04,FeS0.j,6H20  = 389'44)  may  be 
used,  for  it  is  a very  stable  salt. 

Special  care  should  be  taken  in  all  these  determinations 
of  substances  readily  oxidized  to  avoid  atmospheric  oxidation. 
Flasks  may  be  loosely  corked,  or  corked  closely  with  a gas 
exit-tube  passing  just  beneath  the  surface  of  a little  mercury 
or  sodium  carbonate  solution,  and  in  all  cases  the  titration 
should  be  performed  quickly.  When  standardizing  with  iron 
wire,  any  slight  oxidation  may  be  remedied  by  addition  of 
a fragment  of  zinc,  the  last  portions  of  which  must  be  removed 
or  dissolved  before  the  titi’ation  is  commenced. 

I he  ferrous  salt  in  the  following  substances  may  be 
determined  by  this  solution. 

Ferrous  sulphate. — Use  1 to  2 grammes.  Dissolve  the 
sulphate  in  water  and  add  excess  of  sulphuric  acid  ; the  pre- 
ceding equation  indicates  the  reaction. 


60)333-6 

5-56 


6Fe  + 6H„SO^ 


6FeS04  + 6H, 

60)905-64 


15-094 


15-094  4-871  = grammas  in  1000  c.c.  decinormal  solution. 
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Iron  Arsenate. — Dissolve  1 to  2 grammes  in  excess  of  dilute 
sulphuric  or  hydrochloric  acid.  Sulphuric  acid  is  preferable, 
because  ferrous  sulphate  absorbs  oxygen  much  less  readily 
than  ferrous  chloride.  The  reaction  that  takes  place  is  shown 
in  the  following  equation,  the  ferrous  arsenate  being  con- 
verted into  ferric  arsenate : — 

2Fe3(AsO,)2  + SH^SO^  -f-  KaCr./)^  = 

60)885-68  60'^2-3 

. = grammes  in  1000  c.c. 

decinormal  solution. 

2KHSO,  -i-  Cr.,(SOJ3  + Fe./SOJa  + 4FeAs04  + 7H2O 
Iron  arsenate,  B.P.,  is  supposed  to  contain  about  10  per 
cent,  of  anhydrous  ferrous  arsenate,  or  12^  per  cent,  of  the 
hydrous  arsenate,  Fe3(AsO,j)3,  OHgO.  The  compound  is  more 
nearly  a ferric  than  a ferrous  arsenate. 

Instead  of  determining  the  iron  present  in  the  ferrous 
state  in  iron  arsenate,  by  means  of  volumetric  solution  of 
])otassium  bichromate,  Nicholls  {1\J.  [4]  17,  163)  advocates 
determining  the  arsenium  in  it.  His  process  consists  in  dis- 
tilling 0-13  grm.  of  the  sample  twice  or  thrice  with  concen- 
trated hydrochloric  acid  in  presence  of  excess  of  ferrous 
sulphate  and  ferric  chloride  (so  as  to  obtain  the  arsenium 
as  arsenious  chloride),  exactly  neutralising  the  distillate  with 
caustic  soda,  and  titrating  the  arsenite  so  formed  with  stand- 
ard solution  of  iodine  in  presence  of  excess  of  sodium  bicar- 
bonate. The  process  is  also  applicable  to  sodium  arsenate. 

Iron  Phosphate. — Operate  upon  1 to  2 grammes.  Proceed 
as  with  arsenate.  The  following  equation  indicates  the 
reaction,  the  ferrous  phosphate  being  converted  into  ferric 
phosphate : — 

2Fe3(P04>,  + 8H2SO4  + KaCi-gO^  = 

60)710-88  60)292-3 

nn  j Q A .07 1 / = grammos  in  1000  c.c. 

‘i  o ( 1 of  dociuormal  solution. 

2KHSO4  -1-  Cr.3(S04)3  -t  Fe2(S04)3  -f  4FePO^  + 7H2O 
The  official  (B.P.)  i-equirement  is  about  one-third  of  its 
weight  of  anhydrous  ferrous  jihosphate,  or  47  per  cent,  of 
the  hydrous  Fe3(PO^)2,  bHgO. 

Saccharated  Iron  Carbonate. — Proceed  as  with  arsenate, 
using  about  the  same  quantity  ; — 
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GFeCOg  + 
60)69^ 
11-515 


14H,SO^ 


+ K^Cr^O^ 
60)292-3 
4-871 


( =grammes  in  1000  c.c.  of 
X decinormal  solution. 


2KHSO4  + Ci-2(SO,)3  + SFe^CSOJg  + ISH^O  + GCO^ 

The  official  (B.P.)  strength  in  ferrous  carbonate  is  “about 
one-third.”  Commercial  samples  yield  from  20  to  30,  and 
sometimes  35  per  cent.,  according  to  the  care  with  which 
oxidation  has  been  prevented.  The  theoretical  percentage 
obtainable  from  the  ingredients  is  45-5,  the  quantity  that 
would  be  present  if  the  compounds  were  anhydrous  and 
unoxidized — conditions  never  obtained  in  practice.  The 
British  Pharmacopoeia  directs  that  phos]ihoric  acid  be  used 
to  dissolve  the  saccharated  ferrous  carbonate  ; the  reason  for 
this  is  that  dilute  hydrochloric  or  sulphuric  acid  converts 
ordinary  sugar  into  inverted  sugar,  which  is  easily  attacked 
by  chromic  acid. 

Magnetic  Iron  Oxide. — Use  about  the  same  quantity  as 
of  arsenate  or  phosphate,  and  proceed  in  the  same  manner. 
The  reaction  may  thus  be  shown  ; — 

GFegO^  + 32H2S0^  + K2Ci-207  = 

60)1381-92  60)29^ 


OQ.flQO  I = giammes  in  1000  c.c.  of 

standard  solution. 

2KHSO,  + Cr^CSOJo  + 9Fe2(SO,)3  + 3IH2O 

Absolutely  pure  magnetic  oxide  of  iron  contains  31  per 
cent.  of  ferrous  oxide.  Oxidation  occurs,  however,  during 
manufacture,  as  in  the  case  of  the  ferrous  salts  just  described. 

Note. — The  use  in  quantitative  analysis  of  this  volumetric 
solution  of  potassium  bichromate  admits  of  great  extension, 
j The  student  should  at  least  employ  it  in  the  case  of  a few 
i iron  ores. 


Volumetric  Solution  of  Potassium  Permanganate 
(Potassium  Permanganate,  KMnO^  = 156-87.) 

' Dissolve  3-137  grammes  of  the  formula  weight  in 
; grammes)  of  potassium  permanganate  in  water  and  dilute  to 
j one  litre.  The  solution  is  then  standardized  by  means  of  a 

( 
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weighed  quantity  of  pianoforte  wire  or  of  ammonium  ferrous 
sulphate  as  described  under  potassium  bichromate. 

lOFe  + 10H._,SO,  = lOFeSO^  + lOH, 

100)556  100)16^4 

5-56  15  094 

lOFeSO,  + 2KMnO^  + OH.SO^  = 

100)  1509 -4  100)31?^ 

15-094  3-1374  = grammes  in  1000  c.c.  standard  solution. 

2KHSO^  + 2MnSC)4  + 8H.p  + 5Fe^(S04)3 

'I’liis  solution  may  be  used  in  nearly  all  cases  for  wliicl 
the  volumetric  solution  of  potassium  bichromate  has  beer 
recommended.  It  must  not  be  used  in  jiresence  of  hydro 
chloric  acid,  as  this  acid  is  itself  attacked  by  permanganate 
with  production  of  water  and  chlorine. 

Oxalic  add  amt  other  o.valalex  may  be  determined  by  mean: 
of  this  standard  solution  of  permanganate.  About  0-ii 
gramme  of  crystallized  oxalic  acid  or  about  0-25  gramme 
of  ammonium  oxalate,  (NH  |)„CqO^,H._jO,  may  be  dissolved  ii 
water,  a small  quantity  of  elilute  suljihuric  acid  added,  the 
solution  warmed  to  about  60°  C.,  anel  the  volumetric  solutioi 
of  permanganate  run  in  freim  a burette  until  a slight  bui 
permanent  pink  coloration,  due  to  excess  of  permanganate 
is  produced. 

5(H2C20.„2H30)  + 2KMn04  + 4H2SO4  = 

' 100)625-50  100)313-74 

0'255  3-174=  grammes  in  1000  c.c.  standard  sol 

2KHSO4  + 2M11SO,  + I8H2O  + IOCO2 

It  is  obvious  that  if  jmre  crystallized  oxalic  acid  can  b 
obtained  this  may  be  used  as  a means  of  standardizing  th 
potassium  permanganate  solution.  In  the  British  Pharmn 
copoeia  the  purity  of  Polaxm  permavganax  is  determined  b 
means  of  oxalic  acid.  ‘^Each  gramme  dissolved  in  wate 
and  acidulated  with  5 cubic  centimetres  of  diluted  sulphur:  ; 
acid,  should  require  for  complete  decolorization  31-2  cubi  : 
centimetres  of  an  aqueous  solution  containing  62-55  gramnn  r 
of  pure  crystallized  oxalic  acid  per  litre.” 
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QUESTIONS  AND  EXERCISES 

Write  equations  explanatory  of  the  oxidizing  action  of  potassium 
bichromate.- — One  hundred  c.c.  of  an  aqueous  solution  of  potassium 
bichromate  contain  of  the  formula  weight  of  the  salt  in  grammes  ; 
with  what  weight  of  metallic  iron,  dissolved  in  hydrochloric  acid,  will 
this  volume  react?  0'556  grammes. — If  3 grammes  of  impure 

crystallized  ferrous  sulphate  dissolved  in  acidulated  water,  require  93 
c.c.  of  the  standard  solution  of  bichromate  for  complete  conversion 
into  ferric  salt,  what  percentage  of  ferrous  sulphate  is  present  ? Ans. , 
85'6.--How  much  potassium  bichromate  is  required  for  the  conversion 
of  10  parts  of  crystallized  ferrous  sulphate  into  ferric  salt?  Am., 
1'763. — Show  what  quantity  of  pure  ferrous  carbonate  is  indicated  by 
1’475  part  of  bichromate  as  applied  in  volumetric  analysis.  Am., 
3 ‘48. — What  quantity  of  official  saccharated  iron  carbonate  is  equiva- 
lent to  0‘7375  part  of  bichromate  in  the  volumetric  reaction?  Am., 
5-2. 


DETERMINATION  OF  SUBSTANCES 
READILY  REDUCED 

Any  substance  which  quickly  yields  a definite  quantity  of 
oxygen  may  be  quantitatively  tested  by  ascertaining  how 
much  of  a reducing  agent  of  known  power  must  be  added  to 
a given  quantity  before  complete  reduction  is  effected.  The 
chief  compounds  which  may  be  used  for  this  absorption  of 
oxygen  (deoxidizers  or  reducing  agents,  as  they  are  commonly 
termed)  are  sodium  thiosulphate,  sulphurous  acid,  oxalic  acid, 
arsenious  acid.  The  first-named  is  officially  used  ; it  is  only 
used  in  the  estimation  of  free  iodine,  and,  indirectly,  of 
chlorine  and  chlorinated  compounds.  Iodine  and  chlorine  are 
regarded  as  oxidizing  agents,  because  their  great  affinity  for 
hydrogen  enables  them  to  become  powerful  indirect  oxidizers 
in  presence  of  water. 

Standaud  Solution  ok  Sodium  Thiosulphate 
(Sodium  Thiosulphate  crystallized,  Na.,S.,03,5H20  = 246'44.) 

Dissolve  about  28  grammes  of  sodium  thiosulphate  in  a 
litre  or  less  of  water.  Fill  a burette  with  this  solution,  and 
allow  it  to  flow  into  a beaker  containing,  say,  15  c.c.  of  the 
volumetric  solution  of  iodine  until  the  brown  colour  of  the 
iodine  is  just  discharged — or,  starch  being  added,  until  the 
blue  starch  iodide  is  decolorized.  (The  latter  affords  the 
more  delicate  indication.)  When  iodine  and  .sodium  thiosul- 
phate react,  two  atoms  of  iodine  remove  two  of  sodium  from 
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two  molecules  of  the  sodium  thiosulphate,  sodium  tetrathi- 
onate  being  formed,  thus  : — 

+ 2(Na2S2O3,5H.2O)  = 2NaI  + Na2S^O^+10H2O 

20)251-8  20)492-88 

12-59  I ^h?7oOO^c?c!”'°  24-644  = grammes  of  thiosulphate  in  1000  c.e. 

Now  suppose  the  number  of  c.c.  required  to  completely 
react  with  the  15  c.c.  of  standard  iodine  were  14  c.c.,  how 
many  c.c.  of  this  thiosulphate  solution  would  be  equivalent  to 
1000  c.c.  of  the  volumetric  solution  of  iodine  ? In  other  words, 
how  many  c.c.  contain  24-644  grammes  of  thiosulphate.^ 
933  c.c.  of  the  solution  of  sodium  thiosulphate  under  examin- 
ation contain  24'644  grammes  of  the  salt,  and  are  equivalent 
to  1000  c.c.  of  the  official  volumetric  solution.  The  933  c.c. 
can  be  diluted  to  1000  c.c.  or  used  without  dilution.  In 
either  case  its  concentration  would,  as  usual,  be  recorded  on 
the  label.  The  following  substances  may  be  determined  by 
means  of  sodium  thiosulphate  solution  of  known  concentration. 

A solution  of  sodium  thiosulphate  containing  24-644 
grammes  of  sodium  thiosulphate  per  litre  is  sometimes  spoken 
of  as  a decinormal  solution,  as  each  c.c.  is  equivalent  to  1 c.c. 
of  the  decinormal  solution  of  iodine. 

Soliilion  of  Chlorine. — About  10  grammes  may  be  taken, 
lixcess  of  potassium  iodide  is  added — that  is,  to  10  grammes 
of  solution  of  chlorine,  about  half  a gramme  of  iodide.  A 
([uantity  of  iodine  is  set  free  by  the  chlorine  exactly  in  pro- 
portion to  their  atomic  weights.  The  titration  is  then  con- 
ducted as  already  described.  The  following  equations  show 
the  reactions : — 

CI2  + 2KI  = I2  + 2KC1 
20)7^38  20)251-8 

3-519  12-59 

L -f-  2(Na2S203,5H.20)  = 2Nal  -t  Na.,S,()3  -t  IOH.,0 

W— ' V ■' 

20)251-8  20)492-88 

12*59  24*644  = grammos  in  1000  c.c.  docinonnal  solution. 

It  is  evident,  then,  that  1000  c.c.  of  decinormal  solution 
of  sodium  thiosulphate,  or  a corresponding  quantity  of  a solu- 
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tion  of  different  concentration,  is  equivalent  to  3‘519  grammes 
of  chlorine. 

Iodine. — Solid  iodine  is  dissolved  in  solution  of  potassium 
iodide,  and  titrated  as  already  described.  About  0'2  gramme 
is  a convenient  quantity  to  employ.  1000  c.c.  of  decinormal 
thiosulphate  solution  is  equivalent,  as  seen  in  the  equation, 
to  12'59  of  iodine.  It  is  assumed  in  this  operation  that  the 
iodine  has  been  shown  by  qualitative  analysis  to  be  free  from 
chlorine  and  bromine  ; for  these  elements  resemble  iodine  in 
reacting  with  sodium  thiosulphate,  hence  would  reckon  as 
iodine  in  a volumetric  assay.  The  official  iodine  (^lodum,  B.P.) 
should  contain  100  per  cent. 

Chlorinated  Lime. — Operate  on  from  OT  to  0‘2  gi’amme. 
Dissolve  in  water,  and  add  excess  of  potassium  iodide  and 
dilute  hydrochloric  acid.  OT  to  0‘2  gramme  of  chlorinated 
lime  requires  OT  to  0’8  gi'amme  of  potassium  iodide.  The 
following  equations  show  the  reactions  : — 

CaOCl,  + 2HC1  = CaCl,  + H^O  + Cl,; 
or,  CaOCl,  + H^SO^  = CaSO^  + H.p  + CI3 

The  chlorine  thus  set  free  liberates  an  equivalent  amount 
of  iodine,  and  this  is  titrated  as  before.  {See  the  equations 
for  the  solution  of  chlorine,  p.  742.)  This  chlorine,  liberated 
from  chlorinated  lime  by  acids,  is  its  available  chlorine  for 
indirect  oxidizing  action.  It  should  correspond  (B.P.)  to  at 
least  33  per  cent. 

Solution  of  Chloiinated  Lime. — About  2 grammes  is  a con- 
venient quantity  to  use.  1 gramme  of  potassium  iodide  and 
excess  of  acid  should  be  added,  and  the  available  chlorine 
determined  as  in  the  case  of  the  solid.  The  official  (B.P.) 
requirement  is  2 to  3 per  cent,  of  available  chlorine. 

Solution  of  Chlorinated  Soda. — About  2 grammes  are  mixed 
with  the  usual  quantity  of  water,  and  1 gramme  of  potas- 
sium iodide  and  excess  of  acid  added.  The  available  chlorine 
is  determined  as  in  the  case  of  chlorinated  lime.  The 
reaction  by  which  the  chlorine  is  evolved  is  familiar: — 

NaCl,NaOCl  + 2HC1  = 2NaCl  + II^O  + Cl, 

The  action  of  the  liberated  chlorine  on  the  potassium 
iodide  and  the  iodine  on  the  thiosulphate  solution  has  been 
described  under  ‘'solution  of  chlorine.”  The  official  (B. P.) 
recjuireinent  is  about  2^  ^ent.  of  available  chlorine. 
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Sodium  thiosulphate  may  also  be  used  for  the  determina- 
tion of  iron  in  ferric  compounds.  This  method  is  based  on 
the  fact  that  when  ferric  chloride  is  digested  with  potassium 
iodide,  it  is  reduced  to  ferrous  chloride.  Some  of  the  potas- 
sium iodide  is  decomposed  by  the  chlorine  thus  released,  and 
an  equivalent  quantity  of  iodine  is  liberated.  The  ferric  salt 
should  be  dissolved  in  hydrochloric  acid,  the  solution  nearly 
neutralized  with  caustic  potash  or  soda  solution,  transferred 
to  a well-stoppered  flask,  and  excess  of  a concentrated  solu- 
tion of  potassium  iodide  added.  The  flask  should  then  be 
closely  stojipered  and  heated  to  50°  or  60°  C.  on  a water-bath 
for  about  20  minutes  ; iodine  is  liberated,  and  dissolves  in 
the  excess  of  potassium  iodide.  After  cooling  the  solution 
and  adding  mucilage  of  starch,  the  thiosulphate  solution  is 
run  in  until  the  blue  colour  disappears.  The  following  equa- 
tions show'  the  reactions  : — 

2FeCl3  q-  2KI  = 2FeCI^  -t-  2KC1  -I-  I, 
20)322'34 
16-117 

1,  + 2(Na.,S/)3,5H./))  = 2Nal  + Na,S,0,.  + 10H,O 
20)494-88 


24‘644  = Rniiiiincs  in  1000  c.c.  of  docinormal  solution. 


'I'hus  it  is  evident  that  1000  c.c.  of  decinormal  solution  ot 
sodium  thiosulphate  are  equivalent  to  16'117  grammes  of 
ferric  chloride.  The  follow-ing  official  compounds  may  be 
examined  by  this  method: — Ferri  et  Ammonii  Citras,  Ferri 
et  Quininae  Citras,  Ferri  Phosphas,  Ferrum  Redactum,  I’errum 
Tartaratum,  Liquor  Ferri  Acetati.s,  Liquor  Ferri  Perchloridi, 
Liquor  Ferri  Pernitratis,  Liquor  Ferri  Persulphatis,  and 
Tinctura  Ferri  Perchloridi. 


QUESTIONS  AND  EXERCISES 

For  wliat  purpose  is  the  volumetric  solution  of  sodium  thiosulphate 
used? — On  what  reaction  is  based  the  quantitative  employment  of 
sodium  thiosulphate? — How  much  sodium  thiosulphatejs  required  to 
.show  the  pre.senee  of  10  parts  of  iodine?  lO'.'iTl.— Calculate 

the  quantity  of  chlorine  4 '06  parts  of  sodium  thiosulphate  are  equna- 
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lent  to  in  volumetric  analysis.  Ans.,  0'708. — Describe  the  operations 
involved  in  the  determination  of  the  strength  of  bleaching-powders. 
— What  indicator  is  used  to  show  the  termination  of  the  reaction 
between  iodine  and  sodium  thiosulphate  ? 


QUESTIONS,  WITH  ANSWERS  FOR  VERIFICATION 

Calculate  how  much  potassium  bicarbonate  is  contained  in  an 
eight-ounce  bottle  of  medicine,  seven  fluid  drachms  of  which  are 
neutralized  by  2’72  grains  of  pure  sulphuric  acid.  Ans.,  36'3  grains. 
— A sample  of  soda-ash  is  said  to  contain  78  per  cent,  of  pure  an- 
hydrous sodium  carbonate  : if  the  statement  be  true,  how  much  of  the 
official  volumetric  solution  of  sulphuric  acid  will  neutralize  5 grammes 
of  the  specimen  ? Ans.,  74  c.c. — 2'69  grammes  of  commercial  sulphuric 
acid  are  neutralized  by  43 ‘.t  c.c.  of  the  official  volumetric  solution  of 
soda;  how  much  acid  of  96 '8  per  cent,  is  present?  Ans.,  The  2 ’69 
contain  2 '05. — Four  c.c.  of  a litre  and  a half  of  concentrated  hydro- 
cyanic acid  are  equivalent  to  89  c.c.  of  the  official  volumetric  solution 
of  silver  nitrate  ; to  what  volume  must  the  bulk  of  the  acid  be  diluted 
for  the  production  of  acid  of  pharmacopoeial  strength?  Ans.,  8'894 
litres. — 3 ‘18  grammes  of  a powder  containing  arsenious  anhydride 
require  for  complete  reaction  84  c.c.  of  a volumetric  solution  of  iodine, 
which  is  1 '43  per  cent,  weaker  than  the  standard  solution  of  the  British 
Pharmacopoeia ; what  percentage  of  pure  arsenious  anhydride  is  con- 
tained in  the  powder  ? Ans. , 12716. — How  much  pure  metal  is  present 
in  a sample  of  iron  1 gramme  of  which,  dissolved  in  dilute  sulphuric 
acid,  is  exactly  attacked  by  95 '7  c.c.  of  a volumetric  solution  of 
potassium  bichromate  which  is  0 6 per  cent,  stronger  than  the  official 
solution  ? 


GRAVIMETRIC  ANAI.YSIS 

{For  jn  cliniinarij  remarks  on  the  general  principles  of  gravimetric 
anah/.sis  and  the  relation  of  gravimetric  and  vulnmetnc  analyses  to 
each  other,  see  pages  710  and  711.) 

DETERMINATION  OE  METAELIC  RADICALS 
POTASSIUM 

Outline  of  the  jrrocess. — This  element  is  usually  determined 
in  the  form  of  potassium  chloroplatinate.  (Qualitative  analysis 
having  j)roved  the  presence  of  potassium  and  other  radicals 
in  a substance,  a small  quantity  of  the  material  is  accurately 
weighed,  di.ssolved,  and  the  other  metallic  radicals  removed 
hy  ap]>ro})riate  means : the  precijntates  are  well  washed,  in 
order  that  no  trace  of  the  j)otassiuni  salt  be  lost,  the  re.sulting 
licpiid  concentrated  over  a water-bath  (to  avoid  loss  that 
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would  occur  mechanically  during  ebullition),  hydrochloric 
acid  added  if  necessary,  solution  of  chloroplatinic  acid  poured 
in,  and  evaporation  continued  to  dryness:  excess  of  the 
precipitant  is  then  dissolved  out  by  adding,  to  the  dried 
residue,  alcohol  (90  per  cent.)  mixed  with  half  its  bulk  of 
ether  (a  mixture  in  which  the  chloroplatinate  is  insoluble), 
the  whole  carefully  poured  on  to  a tared  and  dried  filter, 
washed  with  the  mixture  of  alcohol  and  ether  till  every  trace 
of  chloroplatinic  acid  is  removed,  and  dried  and  weighed  ; 
from  the  weight  of  potassium  chloroplatinate  the  proportion 
of  jjotassium,  or  equivalent  quantity  of  a salt  of  potassium,  is 
ascertained  by  calculation. 

Ao/c'. — from  this  short  description  it  will  be  seen, 
first,  that  the  chemistry  of  quantitative  analysis  is  the 
same  as  that  of  qualitative  ; and  secondly,  that  the  prin- 
cij)le  ol  gravimetric  is  the  same  as  that  of  volumetric 
(piantitative  analysis; — the  combining  proportions  of 
sub.stances  being  known,  unknown  quantities  of  ele- 
ments may  be  ascertained  by  calculation  from  known 
<piantities  of  their  compounds. 

A])paralus. — In  addition  to  a very  delicate  balance,  accurate 
weights  and  the  common  utensils,  a few  special  instruments 
are  u.sed  in  cjuantitative  mani})ulation ; some  of  these  may 
I)e  prepared  before  proceeding  with  the  determination  of 
potassium. 

Filter-paper  may  be  of  the  kind  known  as  “Swedish,”  the 
texture  of  which  is  of  the  requisite  degree  of  closeness,  and 
its  ash  small  in  amount.  A large  number  of  circular  pieces 
of  one  size,  six  to  eight  centimetres  in  diameter,  should  be 
cut  ready  for  use.  In  delicate  experiments,  where  a preci]3i- 
tate  on  a filter  has  to  be  ignited  and  the  paper  subsequently 
burnt,  the  weight  of  the  ash  of  the  filter  must  be  deducted 
from  the  weight  of  the  residue.  The  ash  is  determined  by 
burning  ten  or  twenty  of  the  cut  filters.  These  are  folded 
into  small  comjjass,  a 2^iece  of  platinum  wire  twisted  a few 
times  round  the  jiacket  so  as  to  form  a cage,  the  whole  held 
by  the  free  end  of  the  wire  over  a weighed  j)orcelain  crucible 
l)laced  on  the  centre  of  a sheet  of  glazed  j)a2)er,  and  the 
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bundle  ignited  by  a spirit-lamp  or  Bunsen  flame.  The  flame 
is  allowed  to  impinge  against  the  charred  mass  till  it  falls  into 
the  crucible  below,  any  stray  fragments  on  the  sheet  being 
carefully  brushed  into  the  crucible,  the  latter  placed  over  a 
flame  till  carbon  has  all  been  burnt  off,  and  nothing  but  ash 
remains ; the  whole  cooled,  weighed,  and  the  weight  of  the 
crucible  deducted.  The  weight  of  the  residue  divided  by  the 
number  of  pieces  used  gives  the  average  weight  of  ash  in 
each  filter. 

The  necessity  for  carrying  out  the  operations  described 
in  the  preceding  paragraph  has  been  almost  entirely 
obviated  by  the  introduction  of  the  so-called  ashless  filters — 
circular  filter  papers  of  various  sizes,  from  which  the 
mineral  matter  which  gives  rise  to  the  ash  has  been  removed, 
practically  completely,  by  extraction  with  hydrochloric  and 
hydrofluoric  acids. 

For  the  complete  retention  of  certain  exceeding  finely 
divided  precipitates,  such  as  barium  sulphate,  calcium  oxalate, 
cuprous  thiocyanate,  etc.,  filter  papers  possessing  the  closest 
texture  must  be  employed. 

A pair  oj  'weighing  lubes  (fig.  50),  for  holding  dried  filters, 
may  be  made  from  two  test-tubes,  one  fitting  closely  within 
the  other.  About  five  centimetres  of  the  closed  end  of  the 
outer  and  seven  of  the  inner  are  cut  off  by  leading  a crack 
round  the  tube  with  a pencil  of  incandescent  charcoal,  and 
the  sharp  edges  fused  in  the  blow-pipe  flame.  A filter,  after 


Flo.  50.— A Pair  of  Weighing-tubes.  Fio.  61.— Clamped  Watch-glasses  for  Weighing. 

drying,  is  quickly  folded  and  placed  in  the  narrower  tube,  the 
mouth  of  which  is  then  closed  by  the  wider  tube.  This  pre- 
vents reabsorption  of  moisture  from  the  air.  A pair  of  waleh- 
glasses,  having  accurately  ground  edges  and  clamped  as  shown 
in  figure  51,  forms  a convenient  arrangement  for  weighing 
filters,  etc.  Small  weighing  hollies,  light  stoppered  bottles 
having  wide  mouths,  are  also  useful. 
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7 he  wash-bottle  (fig.  52)j  holding  the  alcohol  and  ether,  is  a 
common  flask,  through  the  cork  of  which  a short  straight 
tube  passes.  The  outer  end  of  the  tube  should 
be  sufficiently  narrow'ed  to  enable  it  to  deliver 
a very  fine  stream  of  the  liquid.  The  flask 
being  inverted,  the  warmth  of  the  hand  expands 
the  air  and  vapour  to  a sufficient  extent  to  force 
out  the  li(|uid. 

The  ordinanj  wash-bottle  for  (juantitative  o])era- 
tions  should  be  formed  of  a flask  in  which  water 


52. 


may  be  boiled,  fitted  up  as  usual  {see  p.  121). 

A irater-ovcn  is  the  best  form  of  drying-apj)ai’atus.  It  is 
a small  scpiare  copper  vessel,  jacketed  on  five  sides  and  having 
a door  on  the  sixth  ; water  is  poured  into  the  space  between 
the  inner  and  outer  casing,  and  the  w'hole  jilaced  over  a gas- 
lamp  or  other  source  of  heat,  moist  air  and  steam  escaping  by 
appro])riate  apertures.  Holes  in  the  toj)  an  inch  or  two  in 
diameter,  covered  when  not  in  use,  serve  for  the  recei>tion  of 
small  dishes  containing  liquids  to  be  evaporated.  Drying  at 
higher  temperatures  than  the  boiling-jioint  of  water  may  be 
practised  by  using  oil  or  jiaraflin  instead  of  water,  inserting  a 
thermometer  in  the  oil ; or  by  the  use  of  an  air-bath,  which  is 
simply  a metal  box  provided  with  a door  and  heated  by  means 
of  a Hun.sen  flame. 

./  desiccator  is  a glass  vessel  in  which  a substance  to  be 

dried,  or  to  be  cooled 
in  a dry  atmosphere,  is 
enclosed  along  with  a 
])owerful  dehydrating 
agent  such  as  concen- 
trated sulphuric  acid, 
potassium  hydroxide,  or 
fused  calcium  chloride 


Fio.  63.— Desiccator.  Fio.  54.— Desiccator.  . _ 

be  used  in  all  quantita-  I 
tive  determinations.  1 

Note.  — In  practi.sing  the  operations  of  quantitative  ^ 
analysis,  experiments  should  at  first  be  conducted  on  ; 
definite  salts  of  known  composition,  for  the  accuracy  of 
results  maj'  then  be  tested  by  calculation. 


figs.  53  and  54). 

Pare  distilled  water  must 
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Dclennination  of  poiaxsium  in  the  form  of  potassium  chloro- 
platinate. — Select  two  or  three  crystals  of  pure  potassium 
nitrate,  powder  them  in  a clean  mortar,  dry  the  powder  by 
gently  heating  in  a porcelain  crucible  over  a flame  for  a few 
seconds,  place  about  a couple  of  decigrammes  (0-2  grm.)  of 
the  powder  in  a counterpoised  watch-glass,  accurately  weigh 
the  selected  quantity,  transfer  to  a small  dish,  letting  water 
from  a wash-bottle  flow  over  the  watch-glass  and  run  into  the 
dish,  warm  the  dish  till  the  nitrate  is  dissolved,  acidulate 
with  hydrochloric  acid,  add  excess  of  aqueous  solution  of 
chloroplatinic  acid  (a  quantity  of  solution  containing  about 
0'5  grm.  of  H^PtClg),  evaporate  to  dryness  on  a water-bath. 
While  evaporation  is  going  on,  place  a filter  and  the  weighing- 
tubes  in  the  water-oven,  exposing  them  to  a temperature  of 
100°  C.  for  about  half  an  hour;  fold  the  filter  and  insert  it 
in  the  tubes,  place  them  in  a desiccator  to  cool,  and  when 
cold  accurately  note  their  weight.  Arrange  the  weighed 
filter  in  a funnel  over  a beaker.  Transfer  the  dried  and 
cooled  chloroplatinate  from  the  dish  to  the  filter  by  moisten- 
ing the  residue  with  the  mixture  of  alcohol  and  ether  and, 
when  the  salt  is  loosened,  pomdng  the  contents  of  the  dish 
into  the  paper  cone.  Any  salt  still  adhering  may  be  freed 
by  the  finger,  which,  together  with  the  dish,  should  be 
washed  in  the  stream  of  alcohol  and  ether,  the  rinsings  at 
once  flowing  into  the  filter.  The  filtrate  should  have  a 
yellowish-brown  colour,  due  to  the  excess  of  chloroplatinic 
acid.  If  it  is  colourless,  an  insufficient  amount  of  the  precipi- 
tant has  been  added,  and  the  whole  operation  must  be 
repeated.  After  washing  with  the  mixture  of  alcohol  and 
ether  until  the  liquid  is  no  longer  coloured  by  chloroplatinie 
acid,  the  precipitate  and  filter  are  dried  in  the  water-oven, 
folded  and  placed  in  the  weighing-tubes,  the  tubes  placed 
open  in  the  drying-oven  for  a short  time,  removed,  closed, 
allowed  to  cool  and  then  weighed.  The  drying  and  weighing 
when  cold  should  be  repeated  until  the  whole  ceases  to  alter, 
the  final  weight  being  noted. 
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Analytical  memoranda  may  have  the  following  fonn  ; — 

Watch-glass  and  substance 
Watch-glass  

Substance  . 


Weighing-tubes,  filter,  and  salt 
Weighing-tubes  and  filter 

K,PtCl,i  . 


Tlie  calculations  are  simple  : — 

^ rK,PtCI,l  i3  eaui valent  to  < ^KNO,  t 
t = 482-1  j to  ^_2qq.32 

( the  weight  of  i 

so-j  chloroplatinate  J is  equivalent  to  .r. 
( obtained  J 


.(•  will  be  the  weight  of  pure  potassium  nitrate  in  the 
(juantity  of  substance  oi)erated  on.  x should  in  the  present 
instance  be  identical  with  the  weight  of  substance  taken, 
because,  for  educational  purposes,  the  pure  nitrate  is  under 
examination.  Only  after  analyses  of  pure  substances  have 
yielded  the  operator  results  j)ractically  identical  with  those 
obtained  by  calculation,  can  analyses  of  substances  of  un- 
known degree  of  jmrity  be  undertaken  with  confidence.  A 
table  of  atomic  weights,  from  which  to  find  molecular  weights, 
is  given  in  the  Appendix. 


Plalinuin  Residues  should  be  preserved,  and  the  metal 
recovered  from  time  to  time  (see  p.  224). 

Hot  alcohol  sometimes  reduces  chloroplatinic  acid,  the 
metal  being  thrown  out  of  solution  in  a finely  divided  form, 
known  as  platinum  black  ; only  aqueous  solutions,  therefore,  of 
this  reagent  should  be  used  where  heat  is  emj)loyed.  Hence, 
also,  in  washing  out  excess  of  chloroplatinic  acid  with  the 
mixture  of  alcohol  and  ether  the  application  of  heat  should 
be  avoided. 


Proportional  Weights  of  E(pdvalent  Quantities  of  Potassium 
and  some  of  its  compounds. 

Metal Ko  . . . . 77'66 

Oxide  .....  K.jO  . . . 93 '64 

Hydroxide  (Caustic  Potash)  . 2KOH  . . . Ill "42 
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Carbonate  (anhydrous)  . . K0CO3  . . . 1 37  '21 

Carbonate  (crystalline)  . . K2CO2  + 16  % Aq.  . 163-36 

Bicarbonate  ....  2KHCO3  . . 198-76 

Nitrate  .....  2KNO3  . . . 200-82 

Chloroplatinate  . . . KoPtCig  . . . 482-1 


SODIUM 

Sodium  is  usually  determined  as  sulphate.  Accurately 
weigh  a porcelain  crucible  and  lid,  place  within  it  about 
0-3  of  pure  powdered  rock-salt,  and  again  weigh,  making  a 
memorandum  of  the  weights  in  a note-book.  Add  rather 
more  concentrated  sulphuric  acid  than  may  be  considered 
sufficient  to  convert  the  chloride  into  acid  sodium  sulphate. 
Heat  the  crucible  gradually,  the  flame  being  first  directed 
against  the  side  of  the  crucible  to  avoid  violent  ebullition, 
until  fumes  of  acid  are  no  longer  evolved,  towards  the  end  of 
the  operation  dropping  in  one  or  two  fragments  of  am- 
monium carbonate  to  facilitate  complete  expulsion  of  all 
excess  of  acid.  When  cold,  weigh  the  crucible  and  contents. 
The  weight  of  the  crucible  having  been  deducted,  the  amount 
of  sulphate  obtained  should  be  the  exact  equivalent  of  the 
quantity  of  sodium  chloride  taken. 

2NaCl  + H,SO^  = Na^SO^  + 2HC1 

n?r4  "TIlT 


Proporlioual  Weights  oj  Eipm'alent  QucmtUies  of  Sodium  and 
some  Sodium  compounds. 


Metal  .... 

. Na,  . . 

. 45-76 

Oxide  .... 

. Na,0 

61-64 

Hydroxide  (Caustic  Soda) 

. 2NaOH  . 

79-52 

Carbonate  (anhydrous)  . 

. Na,CO.,  . 

. 105-31 

Carbonate  (crystals) 

. Na“CO’„10H..O 

. 284-11 

Bicarbonate 

. 2NaHCOa  " . 

. 166-86 

Chloride  .... 

. 2NaCl  . 

. 116-14 

Sulphate  (anhydrous) 

. Na,S04  . 

. 141-1 

Sulphate  (crystals)  . 

. Na^SOj.lOl-L.O 

. 319-9 

AMMONIUM 

Salts  of  ammonium  are,  for  purposes  of  quantitative 
analysis,  generally  converted  into  the  chloroplatinate 
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(NH^)2PtCl,.,  the  details  of  manipulation  being  tlie  same  as 
those  observed  in  the  case  of  potassium  (p.  749).  About  0'15 
gramme  of  pure,  white,  dry,  ammonium  chloride  may  be 
taken  for  experiment. 


Composition 

o f the 

Chloroplatinate. 

Pt 

In  formula  wt. 

In  100  parts. 

. lf)3-3 

. 193-30  . 

. 43-900 

Cl,; 

35-19  X 

6 . 

. 211-14  . 

. 47-951 

N.j 

. 13-94  X 

2 . 

. 27-88  . 

. 6-332 

1 -0  X 

8 . 

8-00  . 

. 1-817 

440-32 

100-000 

I he  proportion  of  nitrogen,  or  ammonium,  in  the  chloro- 
platinate  may  also  l>e  ascertained  from  the  weight  of  plati- 
num left  on  ignition  ; indeed,  this  ojieration  mvsl  be  performed 
if  methyl-ammonium  or  any  other  substituted  ammonium  be 
present,  'i'he  heat  must  be  applied  slowly,  or  platinum  will 
be  mechanically  carried  off  with  the  gaseous  products  of 
decomposition. 


Proporlioxal  fVeighls  of  Ecjiiivalenl  Quantities. 


Ammonia. 

Ammonium 
Ammonium  chloride 
Chloroplatinate 
“Ammonium  carbonate” 
Ammonium  sulpliate 


. 2NH.,  . . . 33-88 

. (NH.,).,  . . . 35-88 

. 2NH4CI  . . . 106-26 

. (NH,,),PtCI„  . . 440-32 

. CN.,H„C.A)  -^  3 x 2 104-026 
. (NH4>,SD4'  . . 131-22 


BARIUM 

Barium  is  determined  in  the  form  of  anhydrous  barium 
sulphate  (BaSO,,).  Ba=  136-4. 

Process. — Dissolve  0-3  or  0-4  of  pure  crystallized  and  dried 
barium  chloride  or  niti-ate  in  about  100-150  c.c.  of  water  in  a 
beaker,  heating  to  incij)ient  ebullition,  and  slightly  acidulating 
with  hydrochloric  or  nitric  acid.  Heat  some  dilute  suliihuric 
acid  (prepared  some  days  previousl}^,  so  that  any  lead  sulphate 
may  have  deposited)  and  add  the  hot  acid  to  the  barium  solu- 
tion in  successive  small  quantities  so  long  as  a precijiitate 
forms,  keep  the  mixture  hot  for  some  time,  set  aside  for  half 
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an  hour,  pass  the  supernatant  liquid  through  a filter,  gently 
boil  the  residue  twice  or  thi-ice  with  acidulated  water ; finally 
collect  the  precipitate  on  the  filter,  removing  adherent 
particles  from  the  beaker  by  the  finger,  and  cleansing  by  a 
stream  of  hot  water  from  the  wash-bottle.  The  precipitate 
must  be  washed  with  hot  water  until  the  filtrate  no  longer 
turns  litmus-paper  red  or  gives  any  cloudiness  when  tested 
with  barium  chloride.  The  filter  with  the  barium  sulphate, 
having  been  thoroughly  drained,  is  dried  in  a warm  place, 
usually  by  su^iporting  the  funnel  in  an  inverted  bottomless 
beaker  over  a sand-bath  or  hot  plate. 

The  barium  sulphate  is  now  removed  from  the  filter, 
heated  to  drive  off  every  trace  of  moisture,  and  weighed. 
This  is  accomplished  by  placing  a weighed  porcelain  crucible 
on  a sheet  of  glazed  paper,  holding  the  filter  over  it,  and 
carefully  transferring  the  precipitate.  The  sides  of  the  filter 
are  then  gently  rubbed  together  and  the  detached  powder 
dropped  into  the  crucible,  the  paper  folded,  encased  in  two  or 
three  coils  of  one  end  of  a platinum  wire,  and  burnt  over  the 
crucible,  the  ash  and  any  particles  on  the  sheet  of  paper 
dropped  into  the  barium  sulphate,  the  open  crucible  exposed 
over  a flame  till  its  contents  are  quite  white,  covered,  cooled, 
and  weighed. 

Ao/c. — If  the  filter  has  not  been  freed  by  thorough  wash- 
ing from  all  traces  of  acid  the  paper  will  be  brittle  when  dry, 
falling  to  pieces  on  being  folded. 


Barium  chloride 
Barium  nitrate 
Barium  sulphate 

Formulijc. 

. BaCL„2H.,0  . 
. Ba(NO,)./  . 

. BaSOj  . 

Formula 
Weights. 
. 242-54 

. 259-56 

. 231-74 

ComposiLion  of  Barium  Siilphale. 

Ba  . . 136-40 

S . . 31-82 

O4  . . 15-88  X 4 . 

Ill  fornnila  weight. 
. 136-40  . 

. 31-82  . 

. 63-52  . 

111  100  parts. 
. 58-86 

. 13-73 

. 27-41 

231-74 

100-00 

3 ^ 
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In  the  first  four  or  five  educational  experiments  it  is  not 
essential  to  take  filter-ash  into  account.  Mistakes  of  manipu- 
lation due  to  inexperience  may  cause  far  greater  errors. 

CALCIUM 

Calcium  is  usually  precipitated  as  oxalate,  the  2)recipitate 
ignited,  and  the  resulting  carbonate  weighed. 

Procesx. — Dissolve  0'3  or  0'4  of  dried  colourless  crystals  of 
calc-S])ar  in  about  a third  of  a litre  of  water  acidulated  with 
hydrochloric  acid,  heat  the  solution  to  near  the  boiling-jwint, 
add  excess  of  boiling  solution  of  ammonium  oxalate,  then 
ammonia  until,  after  stirring,  the  liquid  smells  strongly 
of  ammonia ; set  aside  in  a warm  j)lace  for  twelve  hours. 
Carefully  jiour  off  the  sui)ernatant  liquid,  j)assing  it  through 
a filter  ; add  hot  water  to  the  jirecijutate,  set  aside  for  half 
an  hour,  again  decant,  and,  after  once  more  washing,  transfer 
the  ])recipitate  to  the  filter,  allowing  all  contained  fluid  to 
pass  through  before  a fresh  portion  is  added.  Wash  the  pre- 
cipitate with  hot  water,  avoiding  a rajiid  stream,  or  the  precijii- 
tate  may  be  driven  through  the  jiores  of  the  paper.  Dry, 
transfer  to  a weighed  crucible,  and  incinerate,  as  described 
for  barium  sulphate,  and  slowly  heat  the  j)recipitate  till  the 
bottom  of  the  crucible  is  just  visibly  red  when  seen  in  the 
dark.  As  .soon  as  the  residue  is  white  or  only  faintly  grey, 
remove  the  flame,  cool,  and  weigh. 

The  resulting  calcium  carbonate  should  have  the  same 
weight  as  the  calc-spar  from  which  it  was  obtained.  If  loss 
has  occurred,  carbonic  anhydride  has  probably  escajoed.  In 
that  case  moisten  the  residue  with  water,  and  after  a few 
minutes  test  the  liquid  with  red  litmus  or  turmeric  jiaj^er ; 
if  an  alkaline  reaction  is  noticed,  it  is  due  to  the  pre- 
sence of  caustic  lime.  Add  a small  lump  of  ammonium 
carbonate,  evaporate  to  dryness  on  a water-bath,  and  again 
ignite,  this  time  being  careful  not  to  go  beyond  the  jwe- 
scribed  temperature.  The  treatment  may,  if  necessary,  be 
repeated. 
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Proportional  Weights  of  Equivalent  Quantities  of  Calcium  and 


’ its  compounds. 

. Ca  . 

. 39-71 

. CaO 

. 55-59 

. Ca(OH)„. 

. 73-47 

. CaCOg  \ 

99-26 

. CaSO^  . 

. 135-05 

pre- 

. CaS04,2H.,0  . 

. 170-81 

. CaCl,  . “ , 

. 110-09 

. Ca,(P04).,-^3  . 

. 102-59 

^NESIUM 

or  heavy  magnesium 

carbonate  of 

Metal 

Oxide  (quicklime)  . 
Hydroxide  (slaked  lime) 
Carbonate 

Sulphate  (anhydrous) 
Sulphate  (crystalline  or 
cipitated) 

Chloride  . 

Phosphate  (of  bones) 


Process  1. — The  li^ 
pharmacy  may  be  estimated  by  heating  a weighed  quantity 
to  redness  in  a porcelain  crucible.  If  it  has  the  composition 
indicated  by  the  formula  given  in  the  British  Pharmacoj^oeia, 
SMgCOg,  Mg(OH)._,,  4H2O,  it  will  yield  42  per  cent,  of  mag- 
nesia (MgO).  The  official  solution  of  magnesium  carbonate 
in  carbonic  acid  water  {Liquor  Magnesii  Carbonatis,  B.P.) 
should  yield  about  9 grammes  of  pure  magnesium  oxide  per 
litre  or  about  4 grains  per  fluid  ounce. 


Process  2. — J'he  general  form  in  tchich  magnesium 
is  precipitated  is  as  ammonium  magnesium  phosphate 
(NH^MgPOjjGH.^O) ; this,  by  heat,  is  converted  into  magne- 
sium pyrophosphate  (Mg.,P2()7).  Accurately  weigh  a small 
quantity  (0'4  to  0 5 gramme)  of  pure  dry  magnesium  sul- 
phate, dissolve  it  in  two  to  three  hundred  cubic  centimetres 
of  cold  water  in  a beaker,  add  ammonium  chloride,  ammonia, 
and  sodium  or  ammonium  j)hosphate,  agitate  with  a glass  rod 
(without  touching  the  sides  of  the  vessel,  or  crystals  will 
firmly  adhere  to  the  rubbed  portions),  and  set  aside  for 
twelve  hours.  Collect  the  precipitate  on  a filter,  wash  with 
water  containing  a tenth  of  its  volume  of  the  strongest  solu- 
tion of  ammonia,  until  the  filtrate  no  longer  gives  a j>recipitate 
with  a solution  of  silver  nitrate  acidulated  with  nitric  acid. 
Dry,  transfer  to  a porcelain  crucible,  burn  the  filter  in  the 
usual  way,  heat  slowly  to  redness,  cool,  and  weigh. 
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Proportional  W eights  of  Equivalent  Quantities  of  some 
Magnesium  compounds. 

Pyrophosphate  . Mg.,Po07  221 '12 

Sulphate  . . 2(MgS04,7Ho0)  . . . 489 ’36 

Oxide  . . . 2(MgO)  . . . . . 80'12 

Official  carbonate  . 3MgC03,Mg(0H)2,4Ho0 4- 2 . 190'325 

ZINC 

Zinc  is  usually  determined  as  oxide  (ZnO),  oceasionally  as 
sulpliide  (ZnS). 

Process. — Dissolve  a weighed  quantity  (0’5  to  0'6  gramme) 
of  zinc  sulphate  in  about  half  a litre  of  water  in  a beaker, 
heat  to  near  the  boiling-point,  add  solution  of  sodium  car- 
bonate in  slight  excess,  boil,  set  aside  for  a short  time ; pass 
the  supernatant  li([uid  through  a filter,  gently  boil  the  pre- 
cipitate with  more  water,  again  decant;  repeat  these  opera- 
tions two  or  three  times  ; collect  the  precipitate  on  the  filter, 
wash,  dry,  transfer  to  a crucible,  incinerate,  ignite,  cool,  and 
weigh.  285-41  ( = thc  formula  weight)  of  sulphate  should 
yield  80-79  ( = the  formula  weight)  of  oxide. 

MANGANESE 

To  ascertain  its  value  for  evolving  chlorine  from  hydro- 
chloric acid,  a weighed  quantity  of  finely  powdered  black 


Vio.  66. 


manganese  oxide  is  heated  in  a small  flask  with  pure  hydro- 
chloric acid  (contained  in  an  inner  tube  as  foi  oxalates 
and  “carbonates,”  p.  776),  and  the  resulting  chlorine  conveyed 
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into  a U tube  containing  solution  of  potassium  iodide.  (See 
fig.  55.)  Tlie  amount  of  iodine  thus  liberated  is  determined 
by  means  of  the  volumetric  solution  of  sodium  thiosulj)hate. 
125 ‘9  parts  of  iodine  indicate  35'19  of  chlorine. 

Black  manganese  oxide  may  also  be  estimated  by  the 
reaction  and  apparatus  described  under  ‘^Oxalates,”  p.  778. 

ALUMINIUM 

Aluminium  is  always  precipitated  as  hydroxide,  Al(OH)3, 
and  weighed  as  oxide  (AI3O3). 

Prucexs. — Dissolve  about  2 grammes  of  pure  dry  am- 
monium-alum in  half  a litre  of  water,  heat  the  solution,  add 
ammonium  chloidde  and  a slight  excess  of  ammonia,  boil 
gently  till  the  odour  of  ammonia  has  nearly  disappeared,  set 
aside  for  the  hydroxide  to  deposit,  pass  the  supernatant  liquid 
through  a filter,  wash  the  precipitate  three  or  four  times  by 
decantation,  ti’ansfer  to  the  filter,  finish  the  washing,  dry, 
burn  the  filter,  ignite  in  a covered  crucible,  cool,  and 
weigh. 


K.5O4,  AySOj),,  24H.,0 941-94 

(NHJ.S04.  ADSOj),,  24H..O 900-16 

ALO3 101-44 


Per  cent,  of  ALO3  yielded  by  amraonium-alum  . . 11-27 


QUESTIONS  AND  EXERCISES 

Give  detiiils  of  the  manipulations  observed  in  gravimetrically 
determining  potassium  or  ammonium. — What  quantity  of  sodium 
chloride  is  (-ontained  in  a .sample  of  rock-salt  0-351  gramme  of 
which  yields  0-426  of  sodium  sulphate?  Ann.,  99'83  per  cent. — To 
what  weight  of  ammonium-alum  is  0-888  gramme  of  ammonium 
chloroplatinate  equivalent?  Ann.,  1-817  gramme. — Find  the  weight 
of  barium  sulphate  obbiinable  from  0-522  of  barium  nitrate?  Ann., 
0-466. — Describe  the  usual  method  by  which  calcium  is  determined. 
— By  what  quantitative  process  may  the  official  magnesium  salts 
be  analysed? — Calculate  the  proportion  of  pure  ziiu-  sulphate  in  a 
.sample  of  crystals  0-574  gramme  of  which  yield  0-161  gramme  of 
oxide.  Ann.,  99-4  j>er  cent.  — ^Ascerbiin  the  weight  of  alumina 
(AL2O3)  which  should  be  obtained  from  1 -812  gramme  of  ammonium- 
alum. 
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IRON 

Iron  and  its  salts  are  gravimetrically  determined  in  tlie 
form  of  ferric  oxide  (FeoOg). 

Comjxni/ulx  containing  organic  acid  radicals  are  simply  in- 
cinerated, and  tlie  resulting  oxide  weighed.  Thus  1 gramme 
of  the  official  iron  and  ammonium  citrate  (^Ferri  el  Ammonii 
Cilras,  B.P.)  incinerated,  with  exjiosure  to  air,  leaves  0-31 
or  0’32  of  ferric  oxide.  A small  (juantity  of  the  salt  is 
weighed  in  a fared  covered  porcelain  crucible  and  the  flame 
cautiously  applied  until  vapours  are  no  longer  evolved. 
The  lid  is  then  removed,  the  crucible  slightly  inclined  and 
exposed  to  a red  heat  until  all  carbonaceous  matter  lias  dis- 
appeared. After  cooling,  the  residual  ferric  oxide  is  weighed. 
The  potassium  and  iron  tartrate  (^Fcrriim  Tarlaralnm,  B.P.)  is 
treated  in  the  same  manner,  except  that  the  ash  must  be 
washed  in  order  to  remove  potassium  carbonate  produced 
during  incineration,  and  again  heated  before  weighing ; 6 
grammes  should  yield  about  T5  grammes  of  ferric  oxide. 

From  other  compounds  of  iron,  soluble  in  water  or  acid,  the 
iron  is  precipitated  in  the  form  of  hydroxide,  Fe(OH)g  by 
solution  of  ammonia,  and  converted  into  oxide  (Fe,Og),  by 
ignition.  Dissolve  a piece  (0‘2  gramme)  of  the  purest  iron 
obtainable  (piano-wire),  accurately  weighed,  in  dilute  hydro- 
chloric acid  ; add  a few  drops  of  nitric  acid,  and  gently  boil ; 
add  excess  of  ammonia,  stir,  set  aside  till  the  ferric  hydroxide 
has  deposited,  pass  the  supernatant  liquid  through  a filter, 
treat  the  ju’ecijiitate  three  or  four  times  with  boiling  water; 
transfer  to  the  filter,  wash  till  the  filtrate  yields  no  trace  of 
chloride  (for  ammonium  chloride  will  decompose  ignited  ferric 
oxide,  with  volatilization  of  ferric  chloride),  dry,  ignite,  and 
weigh.  Iron  in  the  official  solutions  (^Lujuor  Ferri  Acelatis, 
Lujiior  Ferri  Perchloridi  Fords,  Lupior  Ferri  Fernitralis,  and 
Lupior  Ferri  Persulphatis)  may  be  determined  by  this  general 
gravimetric  process. 

The  proporlion  of  melallic  iron  in  a mixture  of  iron  and  iron 
oxides  may  be  determined  by  digestion  in  a concentrated  solu- 
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tion  of  iodine  and  potassium  iodide,  which  attacks  the  metal 
only.  The  reduced  iron  of  pharmacy  (^Ferrum  Redaclum, 
B.P.)  is  in  good  condition  so  long  as  it  contains  76  per  cent, 
of  free  metal.  Or  (B.P.),  “if  0'25  gramme  be  added  to  a hot 
solution  of  1 gramme  of  copper  sulphate  in  15  cubic  centi- 
metres of  water,  in  a flask  that  can  immediately  be  well 
corked,  and  the  whole  be  shaken  occasionally  during  ten 
minutes,  the  liquid,  after  being  rapidly  filtered  with  the 
minimum  of  exposure  to  air,  and  acidulated  with  sulphuric 
acid,  should  not  cease  to  yield  a blue  precipitate  with  solu- 
tion of  potassium  ferricyanide  until  at  least  33'7  cubic 
centimetres  of  the  volumetric  solution  of  potassium  bichro- 
mate have  been  added.”  {See  p.  231.) 


Proportional  Weights  of  Equivalent  Quantities  of  Iron  and 
some  of  its  compounds. 


Metal 

Ferric  oxide 
Ferric  hydroxide 
Ferric  chloride . 
Ferric  sulphate 
Ferrous  sulphate 


F&2.  . . . 111-2 

FejOs  . . . 158-84 

2Fe(OH).,  . . 212-48 

2FeCli  . . . 322-34 

FeaCSOJa  . . 397-22 

2(FeS04,7H.,0)  . 552-2 


ARSENIUM 

Arsenious  anhydride  (As^Oq)  and  arsenious  compounds 
are  usually  determined  volumetrically  {see  p.  733),  and  some- 
times arsenates  also  {see  pp.  734  and  738),  but  the  latter  can 
also  be  precipitated  as  lead  salt ; “ a solution  of  1 gramme  of 
sodium  arsenate  witli  1 of  glacial  acetic  acid,  in  50  cubic 
centimetres  of  water,  should  require  2-03  grammes  of  lead 
acetate  for  complete  precipitation.”  Arsenium  can  be  wholly 
converted  into  hydrogen  arsenide  and  determined  quantita- 
tively by  absorbing  the  hydrogen  arsenide  in  silver  nitrate 
solution  (p.  227).  Towards  the  end  of  the  operation,  a 
solution  of  .stannous  chloride  in  hydrochloric  acid  is  added 
to  the  contents  of  the  vessel  in  which  the  gas  is  being 
evolved.  This  causes  the  precij)itation  of  any  arsenium  still 
remaining  in  the  solution,  in  a very  finely  divided  state,  in 
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which  it  is  readily  attacked  by  the  nascent  hydrogen  and 
converted  into  hydrogen  arsenide  (Schmidt). 

Process  1. — With  certain  precautions  arsenium  may  be 
precipitated  and  weighed  as  sulphide  (As^Sg).  The  pure, 
white  arsenic  in  lump  (about  0'2)  is  dissolved  in  a flask  in  a 
small  quantity  of  water  containing  sodium  or  potassium  bicar- 
bonate, the  liquid  being  heated.  A slight  excess  of  hydro- 
chloric acid  is  then  added,  and  h3rdrogen  sulphide  gas  jiassed 
through  the  solution  so  long  as  a precipitate  falls,  the  mouth 
of  the  flask  being  stoj)ped  by  a plug  of  cotton-wool  (to  pre- 
vent undue  access  of  air  and  consequent  decomposition  of 
the  gas,  resulting  in  ]>rccipitation  of  suljfliur).  The  mixture 
is  warmed  in  the  flask  and  carbonic  anhydride  passed  through 
it  until  the  odour  of  hydrogen  sulphide  has  nearl}^  dis- 
aj)peared  ; the  prccij)itate  is  collected  on  a tared  filter,  washed 
as  (juickly  as  possible  with  hot  water  containing  a little 
hydrogen  sulphide,  dried  in  a water-oven,  and  weighed. 
19G’64  parts  of  white  arsenie  should  yield  244‘46  of 
arsenious  sul))hide. 

I’rucess  2. — The  arsenlnm  musl.  he  present  in  the  arsenic 
condition.  If  the  ojierator  is  not  certain  that  this  is  the 
ease,  the  solution  must  be  warmed  with  a little  hydrochloric 
acid  and  a few  crystals  of  jiotassium  chlorate  added  until  a 
distinct  chlorous  odour  is  evolved — which  is  then  allowed  to 
esea))e  by  continued  application  of  heat.  To  the  solution  thus 
obtained  ammonia,  whieh  must  produce  no  turbidity,  is  added 
in  excess,  and  then  magnesia  mixture  {see  under  “phos- 
phates,” ]).  778).  The  solution  is  set  aside  for  twenty-four  or 
forty-eight  hours.  The  precipitate  is  collected  on  a filter  and 
washed  with  as  little  ammonia  water  (1  to  3)  as  ]iossible  until 
the  filtrate  no  longer  gives  a reaction  for  chlorides.  The  jire- 
cipitate  is  then  dried  on  the  filter,  the  filter-paper  burned  aj)art 
from  the  precipitate,  and  the  whole  gently  ignited  in  a jjorce- 
lain  crucible,  and  weighed.  This  residue  is  magnesium 
pyro-arsenate,  and  has  the  formula  IVIggAs^Oy. 

Note. — For  the  determination  of  minute  (juantitics  of 
arsenium  in  such  liejuids  as  beer,  and  in  brewing  materials 
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and  fuel,  Thorpe’s  adaptation  * of  Bloxam’s  electi'olytic 
method  may  be  employed. 

ANTIMONY 

The  metal  is  precipitated  in  the  form  of  sulphide  (Sb^Sg), 
with  the  precautions  observed  in  determining  arsenium — a 
small  quantity  of  tartaric  acid,  as  well  as  hydi’ochloric,  being 
added  to  prevent  the  precipitation  of  an  oxysalt.  If  the 
hydrogen  sulphide  be  passed  through  a hot  solution,  the 
particles  of  precipitate  aggregate  better  and  may  be  more 
quicklj"  filtered  and  washed.  The  experiment  may  be  per- 
formed with  about  half  a gramme  of  pure  tartar-emetic  ; the 
salt  should  yield  nearly  half  its  weight  of  sulphide.  Accord- 
ing to  Fresenius,  the  sulphide  dried  at  100°  C.  still  contains  2 
per  cent,  of  water,  and  must  be  heated  in  a current  of  car- 
bonic anhydride,  until  it  turns  from  an  orange  to  a black 
colour,  before  all  moisture  is  expelled.  The  purity  of  tartar- 
emetic  {^Antimonium  Tartaratum')  may  be  determined  by  the 
above  process.  Of  the  Aniimonium  Sulphtiralum,  B.P.,  it  is 
stated  that  “ 3 grammes  moistened  and  warmed  with  succes- 
sive portions  of  nitric  acid  until  red  fumes  cease  to  be 
evolved,  and  then  dried  and  heated  to  redness,  should  leave 
a white  residue  weighing  about  2 grammes.”  This  white 
residue  consists  of  the  oxide,  Sb^O^. 

For  the  volumetric  determination  of  antimony  in  anti- 
monious  salts,  see  p.  735. 

COPPER 

Copper  may  be  determined  as  metal  or  as  cupric  oxide 
(CuO).  Sometimes  it  is  precipitated  and  weighed  as  cuprous 
tliiocyanate  or  j)recipitated  as  cupric  sulphide  and  weighed 
as  cuj)rous  sulpliide. 

Process  1. — Dissolve  about  half  a gramme  of  dry  crystal- 
lized cupric  sulj)hate  in  a small  cjuantity  of  water,  in  a tared 
porcelain  crucible  or  beaker,  acidulate  witli  hydrochloric 
acid,  introduce  a fragment  or  two  of  pure  zinc,  cover  the 

* Communicated  to  the  Chemical  Society  of  London  on  June  17, 
1903.  Jourii.  Chern.  Soc.,  83,  909  and  974, 
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vessel  with  ;i  watch-glass,  and  set  aside  till  evolution  of 
hydrogen  has  ceased  and  the  still  acid  liquid  is  colourless. 
The  copper  is  then  washed  with  hot  water  by  decantation 
until  no  trace  of  acid  remains,  the  precijiitate  is  drained,  rinsed 
with  alcohol,  dried  in  the  water-oven,  cooled,  and  weighed. 

Process  2. — From  a solution  acidulated  with  sulphuric  acid 
and  placed  in  a platinum  crucible,  copper  may  be  entirely 
deposited  in  a coherent  form  by  a weak  current  of  electricity, 
the  crucible  being  connected  with  the  zinc  pole  of  the  battery, 
a ))latinum  spatula  suspended  in  the  solution  forming  the 
positive  pole.  The  crucible  may  afterwards  be  freed  from 
the  deposited  copj)er  by  means  of  nitric  acid. 

Process  3. — About  0‘75  gramme  of  cupric  sulphate  is 
dissolved  in  half  a litre  of  water,  and  the  liquid  boiled ; 
dilute  solution  of  caustic  potash  or  caustic  soda  is  then  added 
till  no  more  precipitate  falls,  ebullition  continued  for  a short 
time,  and  the  beaker  set  aside ; the  sujjernatant  liquid  is 
decanted,  the  precipitate  boiled  with  water  twice  or  thrice, 
collected  on  a filter,  washed,  dried,  ti’ansferred  to  a porcelain 
crucible,  the  filter  incinerated,  added  to  the  precipitate  in  the 
crucible  and  moistened  with  a drop  of  nitric  acid  ; the  whole 
is  finally  heated  strongly,  cooled,  and  weighed.  This  process 
can  only  be  employed  in  .absence  of  organic  substances,  as 
c'crtain  organic  compounds  such  as  tartaric  and  citric  acids 
prevent  the  complete  precipitation  of  the  cupric  oxide. 

247‘86  parts  of  crystallized  cupric  sulphate  should  yield 
79'0  of  oxide,  or  63T2  of  metal. 

The  cupric  oxide  obtained  as  above  almost  always  weighs 
more  than  the  theoretical  proportion  as  it  is  practically 
impossible  to  wash  it  free  from  alkali. 

Process  4. — About  half  a gramme  of  cupric  sulphate  may 
be  taken,  dissolved  in  about  200  c.c.  of  water  and  a few  droj)s 
of  hydrochloric  acid  added.  A solution  cont.aining  equal 
(juantities  of  ammonium  thiocyanate  and  ammonium  (or 
sodium)  bisulphite  is  then  added  until  no  further  j)recipita- 
tion  takes  place.  I'he  whole  is  heated  and  after  the  white 
precipitate  of  cuprous  thiocyan.ate  has  settled  the  clear  liquid 
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is  poured  through  a previously  weighed  filter,  the  preeipitate 
washed  by  decantation,  transferred  to  the  filter,  washed 
further  until  no  trace  of  chloride  is  found  in  the  filtrate,  dried 
in  the  water-oven  (or  preferably  in  an  air-bath  at  a tempera- 
ture of  110°  C.),  cooled  and  weighed. 

120‘79  grammes  of  cuprous  thiocyanate  (CuCNS)  represent 
63-12  grammes  of  copper. 

The  determination  of  copper  as  cuprous  sulphide  involves 
the  use  of  special  apparatus  and  the  ignition  of  the  precipitate 
with  sulphur  in  an  atmosphere  of  hydrogen. 

BISMUTH 

Dissolve  0’3  or  0-4  of  the  pure  bismuth  oxycarbonate 
(Bi202C03).2,H,0  (Bismuthi  Carhonas,  B.P.)  in  a very  small 
quantity  of  hydrochloric  acid,  dilute  with  water  slightly 
acidulated  with  hydrochloric  acid,  pass  excess  of  hydrogen 
sulphide  through  the  liquid,  collect  the  precipitate  on  a tared 
filter,  wash,  dry  at  212°  F.  (100°  C.),  and  weigh.  The  sulphide 
must  not  be  exposed  too  long  in  the  water-oven,  or  it  will 
increase  in  weight  owing  to  absorption  of  oxygen  ; hence  it 
should  be  tested  in  the  balance  every  half-hour  until  it  no 
longer  loses  weight.  514-85  of  oxycarbonate  should  yield 
510-06  of  suljdiide  (Bi.^Sg).  The  strength  of  the  official  solu- 
tion of  bismuth  and  ammonium  citrate  (^Liquor  Bismuthi  el 
Ammonii  Cilralis,  B.P.)  is  determined  by  this  process.  “A 
mixture  of  10  cubic  centimetres  of  the  solution  with  40  cubic 
centimetres  of  water,  treated  with  hydrogen  sul])hide  in 
excess,  yields  a black  precipitate,  which,  when  washed  and 
dried,  .should  weigh  at  least  0-55  gramme.”  One  fluid  drachm 
yields  3 grains  of  bismuth  oxide. 

MERCURY 

This  element  may  be  (1)  isolated  and  determined  in  the 
form  of  metal,  or  precipitated  and  weighed  as  (2)  mercurous 
chloride,  or  (3)  mercuric  sulphide. 

Process  1 . — The  process  by  which  the  metal  itself  is  sepa- 
rated is  one  of  distillation  into  a bulb  surrounded  by  water. 
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About  lialf  a metre  of  the  difficultly  fusible  German  glass 
known  as  combitxlmi-tiihing  is  sealed  at  one  end  after  the 
manner  of  a test-tube  (fig.  56)  ; a mixture  of  sodium  bicar- 
bonate and  dry  clialk  is  then  dropped  into  the  tube  to  the 
height  of  two  or  tliree  eentimetres,  and,  next,  several  small 
fragments  of  quicklime  so  as  to  oceupy  another  centimetre  ; 
a mixture  of  about  a gramme  of  pure  calomel  or  corrosive 
sublimate  with  enough  powdered  quicklime  to  occupy  10  or 
12  centimetres  of  tlie  tube  is  added,  then  the  lime-rinsings 
of  the  mixing-mortar,  a layer  of  a few  centimetres  of  pow- 
dered (juicklime,  and,  finally,  a l)lug  of  (ishestos.  The  whole 
should  occupy  two-thirds  of  the  tube.  The  part  of  the  tube 
just  above  the  asbestos  is  now  softened  iii  the  blowpipe- 
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flame  and  drawn  out  about  a decimetre  to  the  diameter  of  a 
narrow  cjuill  (fig.  57)  ; again  drawn  out  to  the  same  extent  at 
a point  two  or  three  centimetres  nearer  the  mouth  (fig.  57) 
and  any  excess  of  tubing  cut  off.  The  bulb  thus  formed  may 
be  enlarged  by  .softening  and  blowing.  The  tube  is  next 
.softened  at  a point  close  to  but  anterior  to  the  asbestos,  and 
bent  to  form  an  obtuse  angle  ; the  tube  is  then  softened  close 
to  the  bulb  and  slightly  bent  .so  that  the  bulb  may  be 
parallel  with  the  long  tube;  then  softened  on  the  other  side 
of  the  bulb,  and  the  terminal  tube  bent  to  an  obtuse  angle, 
so  that,  the  tube  being  held  in  a horizontal  position,  the  bulb 
may  be  sunk  in  water,  and  the  terminal  tube  point  upwards 
(fig.  58).  Tbe  long  tube  is  now  laid  in  the  gas-furnace 
(fig.  59),  a basin  so  placed  that  the  bulb  of  tbe  apparatus 
may  be  cooled  by  being  surrounded  by  water,  the  part  of  the 
tube  occupied  by  asbestos  heated  to  redness,  and  the  flame 


GRAVIMETRIC  DETERMINATION  OE  MERCURY  765 

slowly  lengthened  until  the  tube  is  uniformly  red-hot.  In 
the  circumstances  just  described  the  mercury  compound  is 
decomposed  by  the  lime  and  its  acid  radical  fixed,  and  the 
mercury  carried  in  vapour  to  and  condensed  in  the  bulb. 
The  carbonic  anhydride  evolved  from  the  sodium  bicarbonate 


Fig.  59. 


and  chalk  washes  out  the  last  portions  of  mercury  vapour 
from  the  tube.  When  the  distillation  is  considered  to  be 
complete,  the  dish  of  water  is  removed,  the  bulb  dried,  and 
then  detached  by  help  of  a file,  at  a point  beyond  any  sub- 
limate of  mercury.  The  dried  bulb  is  weighed,  the  mercury 
shaken  or  dissolved  out,  and  the  tube  again  dried  and 
weighed.  The  difference  between  the  weights  gives  the 
weight  of  the  mercury.  Ammoniated  Mercury,”  B.P., 
should  yield  78  to  79  per  cent,  of  metallic  mercury. 

Process  2. — The  process  by  which  mercury  is  separated  in 
the  form  of  calomel,  consists  in  adding,  in  the  cold,  solution  of 
hydrochloric  and  phosphorous  acids  to  an  aqueous  or  even 
acid  solution  of  a weighed  quantity  of  the  mercurial  com- 
pound, setting  the  mixture  aside  for  twelve  hours,  collecting 
the  precipitate  on  a tared  filter,  washing,  drying  at  212°  F. 
(100°  C.),  and  weighing  (Rose).  By  adding  first  excess  of 
hydrogen  peroxide  then  phosphorous  acid  and  warming  on  a 
water-bath  until  the  precipitate  is  flocculent  the  reaction  is 
completed  in  a few  minutes  without  reduction  of  calomel  to 
metallic  mercury  as  is  the  case  when  the  mercuric  chloride 
solution  is  healed  with  phosphorous  acid.  The  experiment 
may  be  tried  on  about  half  a gramme  of  corrosive  sublimate. 
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Process  3. — Iwo  or  three  decigrammes  of  corrosive  subli- 
mate are  dissolved  in  water,  the  solution  acidulated  with 
hydrochloric  acid,  excess  of  hj^drogen  sulphide  passed  through 
it,  the  precipitate  collected  on  a tared  filter,  washed  Avith 
cold  Avater,  dried  at  212°  F.  (100°  C.),  and  weighed. 


Proportional  Weights  of  lujuivn/en I Quantities  of  Mercury 

and  its  Salts. 


Mercury  , 
Mercurous  chloride 
Mercuric  chloride 
Mercuric  sulphide 


Hg. 

HgCl 

HgCl, 

HgS 


198-8 

233-99 

269-18 

230-62 


LEAD 

Lead  is  generally  determined  either  as  (1)  oxide,  (2)  sul- 
jihate,  (3)  chromate,  or  (4)  metal. 

Proce.ss  1. — Weigh  out  one  or  tAvo  grammes  of  pure  lead 
acetate  in  a covered  crucible,  previously  tared,  and  heat 
sloAvly  until  no  more  vapours  are  evolved.  Remove  the  lid, 
stir  doAvn  the  carbonaceous  mass  with  a clean  iron  wire,  and 
keep  the  crucible  in  the  flame  so  long  as  any  carbon  remains 
unconsumed.  Introduce  some  fragments  of  fused  ammonium 
nitrate,  and  again  ignite  until  no  metallic  lead  remains  and 
all  excess  of  the  nitrate  has  been  decomposed.  Cool  and 
weigh  the  resulting  oxide  (PbO). 

Proce,ss  2. — Dissolve  0’4  or  0-5  gramme  of  lead  acetate  in 
a small  (juantity  of  water,  drop  in  dilute  sulphuric  acid,  add 
to  the  mixture  tAvice  its  bulk  of  alcohol,  and  set  aside. 
Decant  the  su]iernatant  licjuid,  collect  the  sulphate  on  a filter, 
Avash  with  alcohol,  dry,  transfer  to  a porcelain  crucible, 
removing  as  much  of  the  sulphate  as  possible  from  the  jiaper, 
incinerate  on  the  crucible-lid  (not  in  the  platinum  coil,  for 
the  fused  j^articles  of  reduced  lead  would  alloy  Avith  the 
platinum),  ignite,  cool,  and  weigh. 

Proce,ss  3. — About  half  a gramme  of  lead  acetate  is  dis- 
solved in  two  to  three  hundred  c.c.  of  Avater,  acetic  acid 
added,  and  then  solution  of  potassium  bichromate.  Collect 
the  precipitate  on  a tared  filter,  Avash,  dry  at  212°  F.  (100°  C.), 
and  weigh. 
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Process  4. — In  certain  cases,  notably  in  that  of  commercial 
“ white  lead,”  the  lead  may  be  determined  in  the  metallic 
state  by  means  of  potassium  cyanide.  The  lead  paint  (about 
20  grammes)  is  weighed  and  carefully  incinerated.  The 
residue,  a mixture  of  metallic  lead  and  lead  oxide,  is  then 
mixed  with  several  times  its  bulk  of  potassium  cyanide,  and 
the  whole  heated  to  fusion.  With  careful  manipulation  the 
lead  collects  in  one  globule,  which,  after  cooling,  may  readily 
be  separated  from  the  mixed  cyanide  and  cyanate,  and 
weighed.  Commercially  pure  white  lead  should  yield  74  per 
cent,  of  lead. 


J oluniclric  Delerminalion  o f Lcrul. 

In  lead  acetate  and  in  the  strong  solution  of  lead  sub- 
acetate the  lead  may  be  determined  voluraetrically  by  means 
of  normal  solution  of  sulphuric  acid.  About  3 grammes 
of  lead  acetate  or  from  7 to  10  grammes  of  the  subace- 
tate sblution  may  be  used. 

Pb(C2H30,)^,3H20  + = PbSO.,  + 2HC3H3O,  + 3H3O 

2)376T5  2)97-34 

188’075  48’67  = grammes  in  1000  c.c.  of  normal  solution. 

P1)30(C.^H30.,)2  + 2H,SO^  = 2PbSO^  + 2HC.H3O2  + 

4)543-74  4)194^8 

135-93  48-67  = grammes  in  1000  c.c.  of  normal  solution. 

The  flask  in  which  the  ojieration  is  being  conducted 
should  previously  contain  one-third  of  water.  In  the  case  of 
both  lead  acetate  and  solution  of  lead  subacetate,  a little 
acetic  acid  should  be  added  to  prevent  precipitation  of  basic 
salt  on  dilution.  The  only  indicator  of  complete  reaction  is 
cessation  of  production  of  the  jirecijiitate — lead  sulphate. 
Both  the  British  and  United  States  Ph  armacopcEias  require 
lead  acetate  to  be  pure  (100  per  cent.)  and  strong  solution  of 
lead  subacetate  to  contain  nearly  25  per  cent. 
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Proportional  W eights  of  Equivalent  Quantities  of  Lead  and 
of  some  of  its  Compounds. 


Lead 

Lead  acetate  . 
Lead  oxide 
Lead  sulphate  . 
Lead  chromate 


Pb  . 

205-35 

PbCC..H30.,).M3H.,0  . 

376-15 

PbO“  . 

221-23 

PbS04  • 

300-69 

PbCrOj  . 

320-61 

SILVER 

Silver  in  comjmuiuls  which  are  readily  decomposed  by 
heat  is  determined  as  (1)  metal,  in  others  usually  as  (2) 
chloride  (AgCl),  but  sometimes  as  (3)  cyanide  (AgCN). 

Process  1. — Heat  about  a gramme  of  silver  oxide,  Ag,0, 
in  a tared  crucible,  cool,  and  weigh.  230’ 1 of  oxide  yield 
2 14 ’2 2 of  metal. 

Process  2. — Dissolve  0*4  or  0’5  gramme  of  pure  dry 
crystals  of  silver  nitrate  in  w'ater,  acidulate  with  two  or  three 
drops  of  nitric  acid,  slowly  add  hydrochloric  acid,  stirring 
rapidly,  until  no  more  precipitate  is  produced.  Pour  off  the 
suj)ernatant  liquid  through  a filter,  wash  the  silver  chloride 
once  or  twice  with  hot  water,  transfer  to  the  filter,  complete 
the  washing,  and  dry.  After  removing  as  much  as  possible 
of  the  precipitate  from  the  paper  to  the  crucible,  burn  the 
filter,  not  in  a wire  helix  but  on  the  inverted  lid  of  the 
crucible,  moisten  with  a drop  of  nitric  acid,  warm,  add  a drop 
of  hydrochloric  acid,  evaporate  to  dryness,  rejjlace  the  lid  on 
the  crucible,  ignite  the  whole  until  the  edges  of  the  mass  of 
chloride  begin  to  fuse;  cool,  and  weigh.  168'69  of  nitrate 
yield  142'3  of  chloride.  According  to  the  British  Pharma- 
copoeia, 1 })art  of  silver  nitrate  should  yield  0-843  of  chloride, 
and  the  filtrate  from  the  chloride  evaporated  to  dryness 
should  leave  no  residue,  indicating  absence  of  potassium 
or  sodium  nitrates  and  other  similar  foreign  substances. 
3 parts  of  Mitigated  Caustic  (Argenti  Nitras  Mitigatus,  B.P.), 
similarly  treated,  give  0-843  parts  of  silver  chloride,  and  the 
filtrate  yields  j)otassium  nitrate  and  chloride  on  evaporation, 
d'oughened  Caustic,  B.P.,  contains  6 per  cent,  of  potassium 
nitrate,  hence  1 part  will  give  only  0-8  part  of  silver  chloride, 
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and  the  filtrate  will  yield  some  potassium  salt.  10  parts  of 
silver  dissolved  in  nitric  acid  and  treated  as  above  will,  if 
pure,  give  13 '285  of  silver  chloride. 

Process  3. — Silver  cyanide  may  be  collected  on  a tared 
filter  and  dried  at  100°  C.  168’69  of  nitrate  yield  132  96  of 
cyanide. 

Silver  and  its  salts  may  be  determined  volumetrically  by 
means  of  a standard  solution  of  sodium  chloride. 

Cupellation. — The  percentage  of  silver  in  an  alloy  may  be 
determined  by  a dry  method.  The  metal  is  folded  in  a piece 
of  thin  sheet  lead,  placed  on  a cupel  {cupella,  little  cup,  made 
of  compressed  bone-earth)  and  heated  in  a furnace,  the  cupel 
being  protected  from  the  direct  action  of  the  flame  by  a case 
termed  a muffle.  The  metals  melt,  the  baser  become  oxidised, 
the  lead  oxide  fusing  and  dissolving  the  other  oxides ; the 
fluid  oxides  are  absorbed  by  the  porous  cupel,  a button  of 
pure  silver  remaining.  An  alloy  suspected  to  contain  96  per 
cent,  of  silver  requires  about  three  times  its  weight  of  lead 
for  successful  cupellation  ; if  92^  per  cent.  (English  silver 
coin),  between  five  and  six  times  its  weight  of  lead  is 
necessary. 


QUESTIONS  AND  EXERCISES 

Explain  the  gravimetric  process  by  which  the  concentration  of 
solutions  of  ferric  chloride,  nitrate,  and  sulphate  may  be  deter- 
mined.— Mention  the  various  amounts  of  ferrous  and  ferric  salts 
equivalent  to  100  parts  of  iron. — State  the  precautions  necessary 
to  be  observed  in  determining  arsenium  or  antimony  in  the  form  of 
sulphide. — In  what  form  are  the  official  compounds  of  bismuth 
weighed  for  quantitative  purposes  ? — Give  an  outline  of  the  process 
by  which  mercury  may  be  isolated  from  its  official  preparations 
and  weighed  in  the  metallic  condition. — Give  three  methods  for  the 
quantitative  analysis  of  lead  salts  ; and  the  weights  of  the  respective 
precipitates,  supposing  0'56  grm.  of  crystallized  acetate  to  have  been 
operated  on  in  each  case.— TIescribe  the  processes  by  which  silver 
is  determined  in  the  forms  of  metal,  chloride,  and  cyanide. — 
What  proportions  of  silver  nitrate  are  indicated,  respectively,  by 
15  of  metal,  9‘8  of  chloride,  and  8'1  of  cyanide? — Describe  cupel- 
lation. 

3 c 
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DETERMINATION  OF  ACID  RADICALS 
CHLORIDES 

Free  chlorine  (chlorine- water)  and  compounds  which  by 
action  of  acids  yield  free  chlorine  (Chlorinated  Lime,  Chlorin- 
ated Soda,  and  their  Solutions)  may  be  determined  volu- 
metrically  by  a standard  solution  of  sodium  thiosulphate 
{sec  p.  742).  I'he  ejuantity  of  combined  chlorine  in  chloiudes 
may  be  determined  by  volumetric  analysis  Avith  a standard 
solution  of  silver  nitrate  (p.  728). 

Combined  chlorine  is  gravimetrically  determined  in  the  form 
of  silver  chloiude,  the  operation  being  identical  with  that 
described  for  silver  salts  (p.  768).  58'07  parts  of  pure, 

colourless,  crystallized  sodium  chloride  yield  142‘3  of  silver 
chloride. 

IODIDES 

Free  iodine  is  determined  volumetrically  by  means  of  solu- 
tion of  sodium  thiosulphate  {see  p.  743). 

" ('ombined  iodine  is  determined  gravimetricallj^  in  the  form 
of  silver  iodide,  the  operations  being  conducted  as  with  silver 
chloride.  Potassium  iodide  may  be  used  for  an  experimental 
determination  : K1  = 164’73  should  yield  Agl  = 233'01. 

Moisture  in  iodine  is  roughly  determined  by  loss  on  expos- 
ing a weighed  sample  on  a watch-glass  placed  in  a desiccator 
over  sulphuric  acid.  Another  method  consists  in  adding  to 
a weighed  sample  five  or  six  times  as  much  mercury,  or 
excess  of  zinc  or  silver  filings,  and  a little  water,  drying  and 
weighing.  The  weight  of  the  product  is  the  weight  of  metal 
employed  plus  that  of  the  dry  iodine  in  the  sample. 

BROMIDES 

Free  bromine  may  be  determined  by  shaking  with  excess 
of  solution  of  potassium  iodide,  and  then  determining  the 
ccpiivalent  quantity  of  libei'atcd  iodine  by  means  of  a standard 
solution  of  sodium  thiosulphate  (p.  742). 

The  bromine  in  btoinides  may  be  precipitated  and  weiglicd 
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as  silver  bromide,  the  manipulations  being  the  same  as  those 
for  silver  chloride : 0'2  to  0*3  gramme  of  pure  potassium 
bromide  may  be  used  for  an  experiment. 


CYANIDES 

Hijdrogen  cyanide  (hydrocyanic  acid)  is  usually  determined 
volumetrically  {see  p.  728). 

From  all  soluble  cyanides  cyanogen  may  be  preci])itated 
by  silver  nitrate,  after  acidulating  with  nitric  acid,  the  silver 
cyanide  being  collected  on  a tared  filter,  dried  at  100°  C.,  and 
weighed. 


• Silver  . 

{ Cvanogen 

I 


Silver  Cyanide. 

In  formula  wt. 
. Ag  . . . 107*11  . 

. CN  . . . 25*85  . 


132*96 


In  100  parts, 
. 80*558 

. 19*442 


100*00 


: NITRATES 

; Nitrates  cannot  be  determined  by  direct  gravimetric 

I analysis,  none  of  the  metallic  radicals  yielding  a definite 
I nitrate  insoluble  in  water.  With  some  difficulty  they  may  be 
j determined  by  indirect  volumetric  methods. 

I 

Process. — The  following  (Thorpe’s)  method  depends  upon 
the  fact  (Gladstone  and  Ti*ibe)  that  when  zinc  upon  which 
copper  is  deposited  in  a spongy  form  is  boiled  with  water, 
hydrogen  is  evolved.  Thorpe  found  that  in  a solution  con- 
taining nitrates  the  nascent  hydrogen  converts  the  whole  of 
the  nitrogen  of  the  nitrates  into  ammonia,  which  may  be 
collected  and  determined.  (The  oxygen  of  the  nitrate  is 
simultaneously  converted  into  water,  the  metallic  radical  into 
hydroxide,  and  the  zinc  into  zinc  hydroxide.  The  power  of 
the  copper-zinc  couple  is  considered  to  depend  largely  on  the 
hydrogen  absorbed  by  the  finely  divided  metal.) 

An  apparatus  such  as  shown  in  fig.  60  should  be  con- 
structed. A flask  (about  100  c.c.)  is  fitted  with  a clean 
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sound  cork  perforated  for  a delivery-tube,  which  should  be 
of  strong  glass  tubing  of  about  a quarter-inch  bore,  and  for  a 
stoppered  funnel,  which  should  have  about  half  the  capacity 
of  the  flask.  The  whole  is  supported  by  a clamp  or  on  wire- 
gauze.  The  outer  jar  shown  in  the  figure  should  have  a i 
capacity  of  two  or  three  litres,  and  the  inner  receiving-jar 
should  be  capable  of  holding  200  c.c.  The  latter  is  fitted 
with  a cork  perforated  for  the  delivery-tube,  and  perhaps  for 
another  tube  containing  fragments  of  glass  moistened  with 


Kia.  00.— Dotormiiiation  of  Nitrates. 


acidulated  water  to  ])revent  possible  loss  of  ammonia — though 
the  latter  tube  is  found  to  be  almost  unnecessary.  The  addi- 
tion of  wash-bottle  tubes  is  also  recommended  as  convenient 
for  obtaining  the  distillate  from  the  jar  without  dismounting 
the  apparatus  from  time  to  time. 

A few  strips  of  clean  zinc  (grnny/aled  zinc  recently 
cleansed  with  dilute  acid  is  best),  are  boiled  in  a beaker 
with  a 3 per  cent,  solution  of  cuirric  suljihate,  the  opera- 
tion being  repeated  with  a fresh  portion  of  solution  until  an 
adherent  and  fairly  thick  coating  of  finely  divided  copper  is 
deposited,  d'he  pieces  of  metal  are  well  washed  and  intro- 
duced into  the  flask,  which  is  then  halt  filled  with  jnire  watci 
free  from  ammonia.  I’o  avoid  transference,  the  flask  itself 
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may  be  used  instead  of  tlie  beaker.  The  funnel  also  of  the 
apparatus  is  filled  with  pure  water.  Water  is  now  placed 
around  the  inner  receiver  in  the  outer  jar,  and,  the  connec- 
tions being  sound,  heat  is  ajiplied  with  the  view  of  freeing 
the  apparatus  itself  from  any  trace  of  ammonia.  When  the 
contents  of  the  flask  are  evaporated  nearly  to  dryness,  pure 
water  is  admitted  from  the  funnel  until  the  flask  is  again 
about  half  full  (the  funnel  should  be  filled  again  at  once),  and 
the  distillation  carried  on  as  before.  This  must  be  repeated 
until  no  further  trace  of  ammonia  is  evolved,  when  the 
apparatus  is  ready  for  \ise.  On  each  occasion  that  the 
apparatus  is  used  it  must  be  freed  from  ammonia  in  this  way. 
A suitable  quantity  of  the  substance  to  be  estimated  is  now 
introduced  (in  the  case  of  potable  waters  the  prepared  solid 
residue  from  100  c.c.)  and  water  added,  if  necessary,  until 
the  flask  is  half  full.  Heat  is  now  applied  and  the  operation 
conducted  in  the  manner  already  described  until  ammonia 
no  longer  comes  ovei' — a point  which  usually  occurs  in  the 
case  of  water-residues  when  the  flask  has  been  twice  or  thrice 
charged  with  water  and  the  distillate  is  about  100  c.c.  The 
warm  water  from  the  upper  part  of  the  cooling-jar  may  be 
removed  by  a siphon  or  otherwise,  cold  water  being  intro- 
duced from  time  to  time. 

The  ammonia  being  all  evolved,  disconnect  the  flask  and 
receiver  simultaneously  (unless  wash-bottle  tubes  are  fitted), 
and  treat  the  contents  of  the  latter  by  the  Nessler  method 

described  on  page  718. Urea  yields  but  traces  of  ammonia 

by  this  process ; and  neither  the  sulphates  nor  chlorides  of 

the  alkali-metals  affect  the  result. The  method  is  only 

aj)plicable  to  highly  dilute  solutions  of  nitrates,  for  with 
more  concentrated  solutions  oxides  of  nitrogen  are  formed 
and  escaj)e. 


SULPHIDES 

Procesx. — Soluble  sulphides  {e.g.,  NallS)  may  be 

determined  volumetrically  by  adding  to  the  acjueous  liquid  a 
measured  excess  of  an  alkaline  arsenious  solution  of  known 
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concentration,  neutralizing  with  hjalrocliloric  acid,  diluting  to 
any  given  volume,  filtering  off  the  arsenious  sulphide  pre- 
cipitated, taking  a portion  of  the  filtrate  equal  to  a half  or  a i 
third  of  the  original  volume,  and,  after  neutralizing  with  i 
sodium  bicarbonate,  determining  the  residual  arsenic  by 
means  of  the  standard  iodine  solution  (,vee  p.  733). 

Process  2. — Sulphur  and  sulphides  may  also  be  quan- 
titatively analysed  by  oxidizing  to  sulphuric  acid  and  pre- 
ci])itating  in  the  form  of  barium  sulphate.  Thus  2 or  3 
(leeigr.ammes  of  a pure  metallic  sulphide  may  be  decomposed 
by  careful  defiagration  with  a mixture  of  potassium  chlorate 
and  .sodium  carbonate,  the  j)roduct  dissolved  in  water,  acidu- 
lated with  hydrochloric  acid,  .solution  of  barium  chloride  added, 
and  the  preeijiitated  barium  .snljdiate  washed  and  collected 
as  described  in  connection  with  the  estimation  of  barivim 
(p.  752).  Many  sulphides  may  be  oxidized  by  heating  in  a 
fiask  with  potassium  chlorate  and  hydrochloric  acid,  and  the 
sulj)hate  formed  is  then  ])recij)itated  by  barium  chloride. 
Experimental  determinations  may  also  be  made  on  a weighed 
fragment  of  suli)hur,  about  OT  gramme,  cautiously  fused  with 
a small  (juantity  of  caustic  alkali,  and  the  product  oxidized 
while  hot  by  the  slow  .addition  of  powdered  potassium  nitrate 
or  chlorate,  or,  when  cold,  by  treatment  with  potassium 
chlorate  ;ind  hydrochloric  acid,  the  sulphate  obtained  being 
subsequently  precipitated  by  barium  chloride. 

Note. — Fusions  performed  o^j|pr  a Bunsen  flame  must  be 
carefully  conducted  ; for  any  alkali  that  may  creep  over  the 
side  of  a crucible  will  certainly  absorb  sulphurous  anhydride 
from  the  products  of  combustion  of  the  g.as,  .and  error  will 
result. 

Process  3. — Soluble  suli)hides  may  also  be  tre.ated  with 
excess  of  an  alkali-metal  arsenite,  arsenious  sulphide  then  be 
precipitated  by  the  addition  of  hydrochloric  acid,  and  the 
precipitate  collected  and  weighed  with  the  usual  precautions 
(.see  p.  7G0). 
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Weights  o f Equivalent  Quantities  of  Sulphur  and  o f some  of  its 


Sulphur  . 

Compounds. 

. S . 

31-82 

Hydrogen  sulphide  . 

. HoS 

. 33-82 

Barium  sulphate 

. BaSO,  . 

. 231-74 

Arsenious  sulphide  . 

• ■ CA.S2S3)  ^ 3 

. 81-49 

Iron  pyrites 

. (FeS.A-l-2 

. 59-62 

Lead  sulphide  . 

. PbS " . 

. 237-17 

SULPHITES 

Sulphites  are  usually  determined  volumetrically  by  a 
standard  solution  of  iodine  {see  p.  733).  Sulphites  insoluble 
in  water  are  diffused  in  that  menstruum,  hydrochloric  acid 
added,  and  the  iodine  solution  then  dropped  in. 

If  necessary,  sulphites  may  be  determined  gravimetrically 
by  oxidation  and  precipitation  as  barium  sulphate. 

SULPHATES 

These  salts  are  always  precipitated  and  weighed  as  barium 
sulphate,  the  manipulations  being  identical  with  those  per- 
formed in  the  determination  of  barium  by  means  of  sulphates 
{see  p.  752).  The  purity  of  Sodium  Sulphate  {Sodii  Sulphas, 
B.P.),  and  the  presence  of  not  more  than  a given  quantity  of 
sulphuric  acid  in  vinegar,  may  be  ascertained  by  this  process. 
Ten  grains  of  sodium  sulphate  yield  7'23  of  barium  sulphate. 
Five  ounces  of  vinegar  should  yield  not  more  than  about  J 
gramme  of  barium  sulphate. 

Sulphates  may  be  determined  volumetrically  by  a semi- 
normal solution  of  pure  barium  chloride.  Bad., 2H2O  = 242'54. 

The  quantity  of  free  sulphuric  or  hydrochloric  acid  in 
vinegar,  lemon  juice,  lime  juice,  etc.,  may  be  ascertained 
volumetrically  by  adding  a known  quantity  of  standard  solu- 
tion of  sodium  hydroxide,  evaporating  to  dryness,  incinerat- 
ing, dissolving  in  water,  and  by  standard  acid  determining 
the  quantity  of  sodium  hydroxide  still  remaining  free.  The 
caustic  soda  lost  indicates  the  amount  of  free  mineral  acid 
(Hehner).  Thresh  first  determines  the  chloride  in  a sample 
of  vinegar,  then  adds  a known  additional  amount  of  chloride, 
preferably  in  the  form  of  barium  chloride,  evaporates,  ignites, 
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treats  with  water,  adds  sodium  bicarbonate  to  remove  excess 
of  bai’ium,  filters,  and  again  determines  the  chlorine.  A loss 
of  70’38  of  chlorine  (Cl„)  indicates  97 '34  of  free  sulphuric 
acid  (H.,SO^). 

The  method  of  determining  free  sulphuric,  nitric,  and 
hydrochloric  acids,  proposed  by  Spence  and  Esilman,  is 
founded  on  their  power  of  decolorizing  a standard  solution  of 
ferric  acetate. 

Proportional  Weights  of  lupdvnlent  Qiia?itities  of  Sulphates. 

Tlie  sulphuric  radical  . . SO^  ...  95  ’34 

Sul])huric  acid  . . . . II0SO4  . . . 97 '34 

Barium  sulphate  . . . BaSOj  . . . 231Y4 


CARBONATES 

Carbonates  are  usually  determined  by  the  loss  in  weight 
they  undergo  on  the  addition  of  a strong  acid. 

Proce.ss  1. — A .small  light  flask  is  selected — of  such  a size 
that  it  can  be  conveniently  weighed  in  a delicate  balance. 
'I'wo  narrow  glass  tubes  arc  fitted  to  the  flask  by  means  of  a 
cork — the  one  straight,  extending  from 
about  two  or  three  centimetres  above  the 
cork  to  the  bottom  of  the  flask,  the  other 
cut  off  close  to  the  cork  on  the  inside 
and  curved  outwards  so  as  to  carry  a thin 
drying-tube  horizontally  above  the  flask 
(.sec  fig.  61).  The  drying-tube  is  nearly 
filled  with  small  pieces  of  calcium  chloride, 

FIO.  Oi.-Ufitorminatlon  » cotton-wool  at  either  end  pre- 

of Carboiiato.s.  venting  escape  of  any  fragments,  and  is 

attached  by  means  of  a pierced  cork  to  the  free  extremity  of 
the  curved  tube  of  the  flask.  A weighed  (piantity  of  any 
pure  soluble  carbonate  is  placed  in  the  flask,  a little  water 
added,  a miniature  test-tube  containing  sulphuric  acid  lowered 
into  the  flask  by  means  of  a thread  and  supj)orted  so  that  the 
acid  may  not  flow  out,  the  cork  inserted,  the  outer  end  of  the 
])iece  of  the  straight  glass  tubing  closed  by  a cap  or  a frag- 
ment of  cork,  and  the  whole  weighed.  'J  he  apjsaratus  is 
then  inclined  so  tliat  the  sulplmric  acid  and  carlsonate  may 


GRAVIMETEIC  DETERMINATION  OF  CARBONATES  777 


slowly  interact ; carbonic  anhydride  is  evolved  and  escapes 
through  the  horizontal  tube,  any  moisture  being  retained  by 
the  calcium  chloride.  When  effervescence  has  ceased,  the 
gas  still  remaining  in  the  vessel  is  sucked  out ; this  is  accom- 
plished by  fixing  a piece  of  indiarubber  tubing  to  the  end  of 
the  drying-tube,  removing  the  small  plug  from  the  straight 
tube,  and  aspirating  slowly  with  the  mouth  for  a few  minutes. 
If  the  heat  produced  by  the  action  of  the  sulphuric  acid  and 
solution  is  considered  insufficient  to  expel  all  the  carbonic 
anhydride  from  the  liquid,  the  plug  is  again  inserted  in  the 
tube  and  the  contents  of  the  flask  gently  boiled  for  some 
seconds.  When  the  apparatus  is  nearly  cold,  more  air  is 
again  drawn  through  it,  and  the  whole  finally  weighed.  The 
loss  is  due  to  carbonic  anhydride  (COq),  from  the  weight  of 
which  that  of  any  carbonate  is  ascertained  by  calculation. 
Carbonates  insoluble  in  water  may  be  attacked  by  hydro- 
chloric instead  of  sulphuric  acid ; granulated  mixtures  of 
carbonates  and  powdered  tartaric  or  citric  acids  by  enclosing 
the  preparation  in  the  inner  tube  and  placing  water  in  the 
flask,  or  vice  versa.  The  apparatus  may  be  modified  in  many 
ways  to  suit  the  requirements,  convenience,  or  practice  of  the 
operator. 

Process  2. — Carbonates  from  which  carbonic  anhydride  is 
evolved  by  heat  may  be  determined  by  the  loss  they  experi- 
ence on  ignition. 

Process  3. — Free  carbonic  anhydride  may  be  absorbed  by  a 
solid  stick  of  caustic  potash  or  concentrated  alkali  solution, 
the  loss  in  volume  of  the  gas  or  mixture  of  gases  indicating 
the  quantity  originally  present. 

fVeights  of  Equivalent  Quantities  of  Carbonic  anlnjdridc  and 
certain  Carbonates. 


Carbonic  anhydride . . . CO.,  . . . 43-67 

Carbonic  acid  ....  ITCO  , . . . 61-5.') 

Anhydrous  sodium  carbonate  . Na^CO.,  . . . 105 '31 

Crystalline  sodium  carbonate  . Na,COa,10H._,O  . 284-11 

Anhydrous  potassium  carbonate  KoCOg  . . . 137-21 

Crystalline  potassium  carbonate  K,gCOg+16%Aq  . 163-34 

Calcium  carbonate  . . , CaCOj  . , . 99-26 
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OXALATES 

Process  1. — The  oxalic  radical  is  usually  precipitated  in 
the  form  of  calcium  oxalate,  and  weighed  as  carbonate,  the 
manipulations  being  identical  with  those  observed  in  the 
determination  of  calcium  (see  p.  754).  The  experiment  may 
be  performed  on  0'3  or  0'4  gramme  of  pure  oxalic  acid,  125-1 
parts  of  wliich  should  yield  99-26  of  calcium  carbonate. 

Process  2. — Oxalates  may  also  be  determined  by  conversion 
of  their  acid  radical  into  carbonic  anhydride,  and  observation 
of  the  loss  of  weight  due  to  escape  of  the  latter.  The 
oxalate,  water,  and  excess  of  black  manganese  oxide  are 
placed  in  the  carbonic  anhydride  apparatus  (p.  776),  a tube 
containing  sulphuric  acid  lowered  into  the  flask,  the  whole 
weighed,  and  the  operation  completed  as  for  carbonates. 
From  the  following  equation  it  will  be  seen  that  each  87-34 
j)arts  of  carbonic  anhydride  evolved  indicates  the  presence 
of  125-1  ))arts  of  crystallized  oxalic  acid  or  an  equivalent 
(piantity  of  other  oxalate  : — 

Na.,CA  I MnO.^  + 3H,,S04  = MnSO^  H-  2NaIIS04  + 2H,0  + 2CO., 
'I'he  black  manganese  oxide  used  in  this  experiment  must  be 
free  from  carbonates.  The  quantities  of  the  materials 
employed  are  regulated  by  the  size  of  the  vessels. 

Process  3. — Oxalic  acid  and  oxalates  may  be  determined 
volumetrically  by  means  of  a standard  solution  of  potassium 
permanganate  (.v«;  p.  740). 

PHOSPHATES 

Process  1. — From  phosphates  solnhle  in  water  the  phosphoric 
radical  may  be  precipitated  and  weighed  in  the  form  of 
magnesium  pyrophosphate,  the  details  of  manijjulation  being 
similar  to  those  observed  in  determining  magnesium  {see 
p.  755).  Half  a gramme  or  rather  more  of  pure  dry 
crystallized  sodium  phosphate  may  be  employed  in  experi- 
mental determinations.  The  official  ammonium  phosphate 
{A7n7iionii  Phosphas,  B.P.)  is  quantitatively  analyzed  by  this 
method.  “When  2 grammes  are  dissolved  in  water,  and 
solution  of  magnesium  ammonio-sulphate  is  added  in  excess, 
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a crystalline  precipitate  should  be  formed,  which,  after  being 
well  washed  upon  a filter  with  solution  of  ammonia  diluted 
with  an  equal  volume  of  watei’,  and  then  dried,  and  heated  to 
redness  weighs  1'68  grammes.”  Half  a gramme,  or  less,  is 
a more  convenient  quantity  if  the  operations  be  conducted 
with  care.  Soluiion  of  magnesium  ammonio-sulphate  (B.P.) 
known  as  “magnesia  mixture,”  is  jirepared  by  dissolving 
20  parts  of  magnesium  sulphate,  40  of  ammonium  chloride, 
and  84  of  solution  of  ammonia  (10  per  cent.  NHg)  in  160  of 
distilled  water. 

Process  2. — Free  phosphoiic  acid  is  most  readily  deter- 
mined as  lead  phosphate  Pbg(P04)g.  Of  the  official  (B.P.) 
diluted  phosphoric  acid  it  is  stated  that  “ each  gramme  of  it 
mixed  with  0'5  gramme  of  lead  oxide  in  fine  powder  should 
leave  on  evajjoration  a residue  which,  after  it  has  been  heated 
to  dull  redness,  weighs  0‘6  gramme.”  The  lead  oxide  must 
be  quite  pure  ; it  should  be  prepared  by  digesting  red  lead  in 
warm  dilute  nitric  acid,  washing,  drying,  and  heating  the 
resulting  puce-coloured  lead  peroxide  in  a covered  porcelain 
crucible  until  it  is  completely  converted  into  lead  oxide  (PbO). 
The  increase  in  weight  obtained  on  evaporating  a given 
quantity  of  solution  of  phosj^horic  acid  with  a known  weight 
of  perfectly  pure  lead  oxide  may  be  regarded  as  entirely 
due  to  phosphoric  anhydride  (P.205)j  3PbO -f- PgOr,  = 
Pbg(POJg,  the  actual  reaction  being  3PbO -F  2HgPO^  = 
Pbj(POJ2  + 3HgO.  From  these  equations,  and  the  atomic 
weights  (see  Appendix  or  Table  on  p.  52),  the  percentage 
of  phosphoric  acid  (HgPO^)  in  any  si)ecimen  of  its  solution 
may  easily  be  calculated. 

Process  3. — The  concentration  of  pure  solution  o f phosphoric 
acid.  By  specific  gravity  and  reference  to  Tables. 

Process  4. — The  official  Calcii  Phosphas,  and  other  forms 
of  calcium  j)hosphate  known  to  be  tolerably  free  from  iron  or 
aluminium,  may  be  determined  by  treating  about  half  a 
gramme  witli  hydrochloric  acid  somewhat  diluted,  filtering, 
if  necessary,  warming,  adding  excess  of  ammonia,  collecting 
the  precipitate  (Ca.j(PO. ,).,),  wasliing,  drying,  igniting  and 
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weighing.  The  calcium  phosphate  of  pharmacy  (Calcii 
Phosphax,  B.P.),  if  pure,  will  in  this  process  lose  little  or  no 
weight. 

Process  5. — Insoliihle  'phosphates  in  ashes,  manures,  etc.,  are 
treated  as  follows.  The  weighed  material  (TO  to  lO'O 
grammes)  is  digested  in  hydrochloric  acid  diluted  with  three 
or  four  times  its  bulk  of  water,  filtered  (insoluble  matter  and  j 
filter  being  thoroughly  exhausted  by  water),  ammonia  added 
to  the  filtrate  and  washings,  until,  after  stirring,  a faint  cloudy 
precipitate  is  perceptible,  solution  of  oxalic  acid  dropped  in 
until,  after  agitation  for  a few  minutes,  the  opalescence  is 
destroyed,  ammonium  oxalate  next  added,  the  whole  warmed, 
calcium  oxalate  removed  by  filtration,  and  the  filtrate  con- 
centrated if  very  dilute,  the  licpiid  treated  with  citric  acid  in 
such  (piantity  that  ammonia  when  added  in  excess  gives  a 
clear  lemon-yellow  solution  (Warington),  magnesia  mixture 
jK)urcd  in  (as  in  jiroccss  1),  and  the  ]n-ecipitate  of  ammonium 
m.agnesiinn  ])hosphate  collected,  washed,  dried,  and  weighed, 
as  already  described  in  connection  with  the  determination  of 
magnc.sium. 

Itelatire  eights  o f E(juivntent  Quantities  of  Phosphoric 

Compounds. 

I'hosplioric  acid  . . II1PO4  • • • . 97'32 

Mat^iiesium  pyrophosphate  (MgoP.jOy  =221•]2)-^2  = l]0•.’)6 

Lead  phosphate  . . (PTlPOjh  = 804 '69) 2 = 402  •34.') 

I’hosplioric  anhydride  . (P.jOr,  =141 ’0)  -^2=  70'.') 

Calcium  phosphate . . (Ca.|(P04)2  =307‘77)-r2  = 153'885 

Calei  1 1 m superphosphate  (CaH4(  PO4).,  = 232  •35)  4-  2 = 11 6 '1 7.') 


QUESTIONS  AND  EXERCISES 

What  quantity  of  pure  rock-salt  is  equivalent  to  4 ‘‘1  parts  of  silver 
chloride?  Am.,  1-71.— State  the  percentage  of  real  potassium  iodide 
contained  in  a sample  of  which  8 parts  yield  10  ;9  of  silver  iodide. 
Am.,  96 •31. — What  is  the  concentration  of  a solution  of  hydroeyanie 
acid  10  parts  of  which,  by  weight,  yield  0-9  of  silver  ey.anide?  Am., 
1-81  per  cent.— How  are  nitrates  quantitatively  determined  ?— By  what 
jirocesses  may  the  quantity  of  a sulphide  present  in  a solution  be 
determined? — How  much  real  sodium  sulphate  is  contained  in  a 
S])ecimen  10  parts  of  which  yield  14^2  of  barium  sulphate?  yla.f. , 86  46 
per  cent. — Give  details  of  the  operations  performed  in  the  (pianlitative 
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analysis  of  carbonates. — What  weight  of  carbonic  anhydride  should  be 
obtained  from  10  parts  of  acid  potassium  carbonate  (or  bicarbonate)? 
Ans.,  4'39  parts. — To  what  operation  does  the  following  equation  refer, 
and  what  are  the  relative  proportions  of  the  reacting  substances  ? 

Na.C.,04  + MnO.^  + 3H.3SO4  MnS04  + 2NaHS04  + 2H.3O  + 2CO._, 
Explain  the  lead  process  for  the  determination  of  phosphoric  acid  in 
the  official  solution. — State  the  quantity  of  calcium  superphosphate 
equivalent  to  7 '6  parts  of  magnesium  pyrophosphate.  Ans.,  7 ’985 
parts. 


SILICATES 

Silica  (SiO.,)  may  be  separated  from  alkali-metal  silicates, 
or  from  silicates  decomposable  by  hydrochloric  acid,  by 
digesting  the  substance  with  hydrochloric  acid  at  a tempera- 
ture of  70“  to  80°  C.  until  completely  disintegrated,  evapor- 
ating to  dryness,  heating  in  an  air-bath  to  a temperature  of 
200“  C.,  again  moistening  with  acid,  diluting  with  hot  water, 
filtering,  washing,  drying,  igniting,  and  weighing. 

DETERMINATION  OF  WATER 

Water  and  other  matters  readily  volatilized  are  most  usually 
determined  by  the  loss  in  weight  which  a substance  under- 
goes on  being  heated  to  a proper  temperature.  Thus,  in  the 
British  Pharmacopoeia,  crystalline  gallic  acid  (C.^Hy05,  H^O) 
is  stated  to  lose  9’5  jier  cent,  of  its  weight  when  dried  at 
a temperature  of  100  “C.,  cerium  oxalate  (C.e2(C.20,j  )3,9H20) 
53  per  cent,  on  incineration,  potassium  carbonate  about  16 
))er  cent,  on  exposure  to  a red  heat,  quinine  sulphate 
([C2qH24N202,H2S()J.2,15H20)  15'2  per  cent,  at  100“  C.,  and 
sodium  phosphate  (Na^,HP04,12H20)  62'84  per  cent,  at  a low 
red  heat ; bismuth  oxide  heated  to  incipient  redness  should 
scarcely  diminish  in  weight. 

Process. — One  or  two  grammes  of  substance  is  a sufficient 
quantity  in  experiments  on  desiccation,  the  material  being 
placed  in  a watch-glass,  covered  or  uncovered  porcelain 
crucible,  or  other  vessel,  according  to  the  temperature  to 
which  it  is  to  be  exposed. 

Rapid  desiccation  at  an  exact  temperature  may  be  effected 
by  introducing  the  substance  into  a tube  having  somewhat 
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the  shape  of  the  letter  U,  sinking  the  lower  part  of  the  tube 
into  a liquid  kept  at  a definite  temperature  (using  a ther- 
mometer), and  drawing  or  forcing  a current  of  dry  air  slowly 
through  the  apparatus.  Substances  liable  to  oxidation  may 
be  desiccated  in  a current  of  dried  carbonic  anhydride.  The 
weights  of  the  U-tube  before  and  after  the  introduction  of 
the  salt,  and  after  desiccation,  give  the  quantity  of  water 
sought.  In  all  cases  the  material  must  be  heated  until  it 
no  longer  loses  weight.  Occasionally  it  is  desirable  to 
determine  water  directly  by  conve}'ing  its  vapour  in  a current 
of  air  through  a weighed  tube  containing  calcium  chloride, 
and  re-weighing  the  tube  at  the  close  of  the  operation ; the 
increase  shows  the  quantity  of  water. 

iVo/e. — Highly  dried  substances  rapidly  absorb  moisture 
from  the  air  ; they  must  therefore  be  weighed  quickly,  en- 
closed, if  possible,  in  tubes  (p.  747),  a light  stoppered  bottle 
having  a wide  mouth,  a j)air  of  clamped  watch-glasses,  or  a 
crucible  having  a tightly  fitting  lid. 

CARBON,  HYDROGEN,  OXYGEN,  NITROGEN 

The  cpiantitative  analysis  of  animal  and  vegetable  sub- 
stances is  either  proximate  or  ultimate. 

Proximate  Quantitative  Organie  Analysis  includes  the  deter- 
mination of  water,  oil,  albumen,  starch,  cellulose,  gum,  resin, 
alkaloids,  acids,  glucosides,  ash.  It  requires  the  ap|)lication 
of  much  theoretical  knowledge  and  manijmlative  skill,  and 
cannot  well  be  studied  except  under  the  guidance  of  a teacher. 
One  of  the  best  works  on  the  subject  is  by  Rochleder,  a 
translation  of  whose  monographs  will  be  found  in  the 
P/iannaceutical  Journal,  vol.  i.,  2nd  ser.,  pp.  562,  610;  vol.  ii., 
2nd  ser.,  pp.  24,  129,  160,  215,  274,  420,  478.  Another  is  by 
Prescott,  ‘'Outlines  of  Proximate  Organic  Analysis.”  The 
fullest  is  by  Dragendorff,  translated  by  H.  G.  Greenish, 
“ Plant  Analysis.” 

Ultimate  Quantitative  Organic  Analj.sis  can  only  be  success- 
fully accomplished  with  the  appliances  of  a well-appointed 
laboratory — a good  balance,  a gas  combustion  furnace  80  to 
90  centimetres  long  (p.  765),  giving  a smokeless  flame, 
special  forms  of  glass  ajiparatus,  etc.  The  theory  oj  the  opera- 
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lion  is  simple  : a weighed  quantity  of  a substance  is  completely 
burned  to  carbonic  anhydride  (C02  = 43'67)  and  water 
(H.,0  = 17‘88),  and  these  products  are  collected  separately 
and  weighed  ; 11-91  parts  in  every  43 ’6 7 of  carbonic  anhydride 
are  carbon,  2 parts  in  every  17-88  of  water  are  hydrogen; 
nitrogen,  if  present,  escapes  as  gas.  If  nitrogen  be  a con- 
stituent, it  may,  in  certain  cases,  be  determined  by  strongly 
heating  a second  quantity  of  the  substance  with  the  mixture 
of  sodium  and  calcium  hydroxides  known  as  soda-lime,  when 
the  nitrogen  is  converted  into  ammonia.  This  ammonia 
may  be  determined  volumetrically  (p.  716)  or  it  may  be 
collected  and  weighed  in  the  form  of  ammonium  chloro- 
platinate  ((NH4)2PtCl^  = 440-32),  of  which  27-88  parts  in 
every  440-32  are  nitrogen.  In  the  case  of  certain  classes  of 
substances  containing  nitrogen,  the  luhole  of  this  element  is 
not  convertible  into  ammonia  by  heating  with  soda-line.  In 
these  cases  the  substance  is  burned  under  such  conditions  that 
its  nitrogen  is  obtained  as  gas,  in  which  condition  it  is  subse- 
quently measured.  The  difference  between  the  sum  of  the 
weights  of  hydrogen  and  carbon,  and  the  weight  of  substance 
taken,  is  the  proportion  of  oxygen  in  the  substance,  suppos- 
ing nitrogen  to  be  absent.  If  nitrogen  is  present,  the  differ- 
ence between  the  sum  of  the  jiercentages  of  carbon,  hydrogen, 
and  nitrogen,  and  100,  is  the  percentage  of  oxygen.  Shortly, 
carbon  is  determined  in  the  form  of  carbonic  anhydride, 
hydi-ogen  as  water,  nitrogen  as  ammonia,  or  as  nitrogen  gas, 
and  oxygen  by  difference. 

The  following  is  an  outline  of  the  manfulatmi  necessary  for 
the  determination  of  carbon  and  hydrogen  : — The  burning  (or 
combustion  as  it  is  usually  called)  of  the  organic  substance  is 
carried  out  by  heating  it  in  a co7nbnstion-tube  of  hard  glass  in 
a current  of  air  previously  freed  from  water  vapour  and  car- 
bonic anhydride.  The  combustion-tube  has  an  internal 
diameter  of  15-18  millimetres,  and  is  about  90  centimetres 
long,  being  cut  to  such  a lengtli  that,  when  placed  in  the 
furnace,  it  projects  about  4-5  centimetres  at  each  side.  It  is 
fitted  at  both  ends  with  perforated  indiarubber  stojipers,  and 
is  packed  for  about  two-thii-ds  of  its  lengtli  with  granular 
cupric  oxide,  the  column  of  this  oxide  extending  from  a little 
way  in  front  of  the  middle  of  the  tube  to  close  to  the  further 
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off  end.  Prior  to  carrying  out  a combustion,  the  tube  with 
its  contents  is  heated  red-hot  in  the  furnace  and  a current  of 
dried  and  purified  air  or  oxygen  is  passed  through  it,  so  as  to 
effect  the  removal  of  all  traces  of  organic  matter  from  it  and. 
from  the  ciijiric  oxide  which  it  contains.  The  burners  whichl 
heat  the  front  (or  inlet)  portion  of  the  tube  are  then  turned, 
out,  and  the  front  half  of  the  tube  (embracing  the  portioni 
which  is  not  packed  with  cupric  oxide)  is  permitted  to  cool,, 
witliout  intermission  of  the  air  current,  Avhile  the  cupric  oxidet 


Kia.  02.— Calcium  Clilorido  Tube  and  I’olasli-Bulbs. 


is  maintained  at  a red  heat.  Tlie  weighed  tubes  in  which 
the  water  and  tlic  carbonic  anhydride  are  to  be  separately 
collected  are  next  attached  to  the  outlet  end  of  the  combus- 
tion-tube. The  water  is  collected  in  a small  U-tube  packed 
with  fragments  of  calcium  chloride,  or  of  pumice-stone 
moistened  with  concentrated  suljihuric  acid  (fig.  62) ; the  car- 
hnnic  anhydride  in  a series  of  bulbs  (fig.  62)  containing  solu- 
tion of  caustic  potash  (sp.  gr.  about  T27).  Ihe  calcium 
chloride  tube  is  fitted  to  the  combustion-tube  by  means  of  the 

perforated  indiariibber  stopper  at 
the  outlet  end,  and  the  potash- 
bulbs  are  attached  to  the  calcium 
chloride  tube  by  a short  piece  of 
indiarubber  tubing.  The  potash- 
bulbs  must  carry  a short  light 
tube  containing  a column  of  small 
fragments  of  caustic  potash  three 
or  four  centimetres  long : this 
serves  to  arrest  the  small  quantity 
of  moisture  which  is  carried  away  from  the  solution  of 
potash  by  the  dried  air  which  passes  through  it  dining  the 
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operation.  The  form  of  potash-bulbs  illustrated  in  fig.  62 
is  that  originally  introduced  by  Liebig,  but  it  has  now  been 
almost  entirely  superseded  by  improved  forms.  Fig.  63 
represents  one  of  the  commoner  forms  now  in  use. 

When  the  tube  has  been  prepared  for  the  combustion  in 
the  manner  described,  the  weighed  quantity  (usually  OT  to 
0‘2  gramme)  of  the  substance  to  be  burned,  contained  in  a 
porcelain  or  platinum  boat,”  is  rapidly  introduced  into  the 
combustion-tube,  the  stopper  at  the  inlet  end  being  withdrawn 
for  this  purpose  and  then  replaced  as  soon  as  possible.  The 
substance  is  now  gradually  and  cautiously  heated  in  the 
current  of  air,  the  furnace  burners  being  lighted  at  successive 
intervals  of  a few  minutes,  until,  eventually,  the  whole  length 
of  the  combustion-tube  within  the  furnace  is  red-hot.  The 
tube  is  maintained  at  a red  heat,  and  the  current  of  air  (or 
of  oxygen,  if  necessary)  is  continued  until  the  substance  is 
completely  burned  and  the  products  of  its  combustion 
have  been  entirely  swept  out  of  the  combustion-tube  and 
into  the  absorption  apparatus.  The  calcium  chloride  tube 
and  the  potash  bulbs  are  detached,  and  set  aside  near  the 
balance  for  some  time  to  cool,  and  are  then  separately 
weighed.  The  increase  in  weight  of  each  of  the  two  portions 
of  the  absorption  apparatus,  due  to  water  and  to  carbonic 
anhydride  respectively,  is  noted,  and  the  percentages  of 
hydrogen,  carbon,  and  (by  difference)  oxygen  are  calculated. 


General  Manipulation  for  the  Determination  of  Nitrogen. 

1.  Determination  by  Conversion  into  Ammonia. — The  com- 
bustion-tube employed  in  this  operation  is  half  a metre  or 
more  in  length,  and  is  drawn  out  to  the  diameter  of  an 
ordinary  quill  and  closed  at  one  end,  the  quilled  end  being 
about  5 centimetres  long,  and  bent  so  as  to  form  an  obtuse 
angle  with  the  main  portion  of  the  tube.  Two  such  tubes 
are  readily  made  by  softening  in  the  blowpipe-flame  two  or 
three  centimetres  of  the  central  part  of  a tube  about  a metre 
long,  and  drawing  the  halves  of  the  tube  apart,  as  shown  in 
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the  following  engraving  (6g.  64).  The  tubes  are  separated 
by  melting  the  glass  in  the  middle  of  the  quilled  portion. 
I lie  soda-lime  to  be  used  in  converting  the  nitrogen  into 
ammonia  is  made  by  slaking  quicklime  with  a solution  con- 
taining so  much  sodium  hydroxide  that  about  two  parts  of 
quicklime  shall  be  mixed  with  one  of  sodium  hydroxide. 


drying  tlie  product,  heating  to  bright  redness,  and  finely 
jiowdering  ; it  should  be  jireserved  in  a well-closed  bottle. 
Some  of  the  soda-lime  is  introduced  into  the  tube,  then  layers 
of  the  weighed  .substance  and  soda-lime,  thorough  mixture  of 
these  being  effected  by  means  of  a long  copper  wire  having  a 
short  helix,  a good  layer  of  soda-lime  is  added,  and  a plug  of 
asbestos.  bulbs  (fig.  65),  known  as  those  of  Will  and 
Varrentrapp  (the  originators  of  the  method),  containing 

hydrochloric  acid  of  about  25 
I per  cent.,  are  then  fitted  by 
means  of  a cork,  and  the  tube 
is  gradually  heated  from  the 

*= ra-g>— outlet  end,  backwards,  to  the 

^ jr  closed  end  in  the  furnace — to 

a not  too  bright  red  heat,  or 
F.O.  C6.-Nitrogen-i3ulbs.  produced  ammonia 

gas  may  be  decomposed.  When  gas  bubbles  no  longer  pass 
through  the  bulbs  and  combustion  is  considered  to  be  quite 
comj)lete,  the  tube  is  allowed  to  cool  somewhat,  the  quill  is 
then  broken,  and  air  is  slowly  drawn  through  the  tube  and 
bulbs  by  means  of  an  aspirator  until  all  ammonia  gas  may  be 
considered  to  have  been  absorbed  by  the  acid.  Ihe  bulbs 
are  disconnected,  their  contents  and  rinsings  poured  into  a 
small  dish,  solution  of  chlorojdatinic  acid  added,  and  the 
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operation  completed  as  in  tlie  determination  of  potassium 
and  ammonium  salts  (see  pp.  749  and  751).  Or  the  ammonia 
may  be  absorbed  in  a known  volume  of  standard  sulphuric 
acid,  of  which  the  residual  excess  is  determined  by  means  of 
a standard  alkali ; certain  obvious  calculations  then  giving 
the  quantity  of  ammonia  produced. 

. Conversion  into  ammonia  may  also  be  effected  by  heating 
the  substance  with  the  most  concentrated  sulphuric  acid  and, 
if  not  then  thoroughly  attacked,  with  potassium  perman- 
ganate (Kjeldahl). 

2.  Determination  as  Nitrogen  Gas  (Method  of  Dumas). — The 
combustion-tube  employed  in  making  nitrogen  determinations 
by  this  method  (which  is  applicable  to  all  classes  of  nitrogen 
compounds)  is  fitted  in  the  same  manner  as  that  used  in  deter- 
mining carbon  and  hydrogen  (p.  783),  except  that  the  place 
of  8 to  10  centimetres  of  the  column  of  cupric  oxide,  at  the 
outlet  end,  is  taken  by  a tightly  rolled  strip  of  fine  copper 
wire-gauze  which  accurately  fits  the  tube.  The  function  of 
this  roll  of  metallic  copper  is  to  decompose  oxides  of  nitrogen, 
which  frequently  are  produced  during  the  combustion,  the 
oxygen  combining  with  the  copper  while  the  nitrogen  passes 
on.  The  combustion  is  carried  out  in  an  atmosphere  of 
carbonic  anhydride,  and  therefore  the  porcelain  boat  contain- 
ing the  substance  to  be  burned  is  placed  in  position  (i.e.,  in 
front  of  the  cupric  oxide)  while  the  tube  is  cold,  and  the 
whole  of  the  air  contained  in  the  tube  is  displaced  by  means 
of  a brisk  current  of  pure  carbonic  anhydride  while  the 
cupric  oxide  is  being  heated,  but  before  the  heating  of  the 
substance  is  begun.  When  the  air  has  been  displaced,  the 
narrow  delivery-tube  which  is  fitted  into  the  stopped  at  the 
outlet  end  of  the  combustion-tube  is  connected  with  a 
nitrometer  charged  with  a concentrated  solution  of  caustic 
potash.  As  soon  as  the  cupric  oxide  and  roll  of  copper 
gauze  are  distinctly  red-hot,  the  substance  is  slowly  and 
cautiously  heated,  as  in  the  case  of  a carbon  and  hydrogen 
combustion,  the  whole  of  the  tube  within  the  furnace  beina- 
raised,  eventually,  to  a moderate  red  heat.  A x^ery  slow 
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current  of  carbonic  anhydride  is  sometimes  passed  through 
the  tube  during  the  whole  combustion.  In  the  case  of 
substances  containing  a large  proportion  of  carbon,  such  as 
alkaloids,  it  is  usually  necessary  to  mix  the  portion  taken  for 
analysis  with  some  finely  granular  cupric  oxide  in  the 
jiorcelain  boat,  so  as  to  ensure  its  complete  combustion  and 
the  evolution  of  the  whole  of  its  nitrogen.  When  the  sub- 
.stance  is  completely  burned,  the  products  of  the  combustion 
are  slowly  driven  forward  into  the  nitrometer  by  passing  a 
moderate  current  of  carbonic  anhydride  for  some  time.  The 
carbonic  anhydride  is  absorbed  and  the  water  vapour  is 
condensed  by  the  caustic  jwtash  solution  in  the  nitrometer, 
and  the  nitrogen  is  collected  in  a pure  state.  The  volume  of 
the  gas  and  the  temperature  and  pressure  at  which  it  was 
measured  are  noted  and,  from  the  corrected  volume,  the 
weight  of  the  nitrogen  and  the  percentage  of  it  present  in 
the  substance,  are  ascertained  by  making  a few  simple 
calculations. 

Liijuids  arc  analysed  by  methods  similar  to  those  adopted 
for  solids,  volatile  liquids  being  enclosed  in  small  bulbs  blown 
on  the  end  of  two-inch  capillary  tubes.  These  are  weighed 
previously  to  and  after  the  introduction  of  the  liquid,  the  end 
of  each  capillary  tube  being  sealed  prior  to  the  second 
weighing  ; just  before  being  placed  in  a porcelain  boat  and 
introduced  into  the  combustion-tube,  the  capillary  tube  is 
broken. 

Limit  of  experimental  eirors. — Two  determinations  of  carbon 
may  vary  to  the  extent  of  OT  per  cent. ; of  hydrogen,  0-2  ; of 
nitrogen,  0'3. 

Chlorine,  Bromine,  or  Iodine,  contained  in  an  organic  sub- 
stance may  be  determined  by  heating  with  fuming  nitric  acid 
and  silver  nitrate  in  a sealed  tube,  or  by  heating  to  redness  a 
given  weight  of  the  material  with  ten  times  as  much  pure 
lime  in  a combustion-tube.  By  the  latter  process,  calcium 
chloride,  bromide,  or  iodide  is  produced.  While  still  hot,  the 
tube  is  plunged  into  water,  the  mixture  of  broken  glass  and 
powder  treated  with  dilute  nitric  acid  in  very  slight  excess ; 
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the  filtered  liquid  precipitated  by  the  addition  of  excess  of 
silver  nitrate,  and  the  silver  chloride,  bromide,  or  iodide 
collected,  washed,  dried,  cooled,  and  weighed. 

Sulphur,  Phosphorus,  and  Arscnium  in  organic  salts  may  be 
determined  by  heating  with  fuming  nitric  acid  in  a sealed 
tube,  or  by  gradually  heating  in  a combustion-tube  1 part  of 
the  substance  with  a mixture  of  10  parts  of  nitre,  2 of  dried 
sodium  carbonate  (in  order  to  moderate  deflagration),  and  20 
of  sodium  chloride.  The  product  is  dissolved  in  water, 
acidulated  by  the  addition  of  excess  of  nitrie  acid,  the  sul- 
phuric radical  precipitated,  and  weighed  as  barium  sulphate, 
the  phosphoric  and  arsenic  radicals  as  ammonium  magnesium 
phosphate  and  ammonium  magnesium  arsenate  respectively. 

QUININE,  ETC. 

Process  of  the  British  Pharmacopoeia  for  ascertammg  the 
amount  of  Quinine  'with  Cinchonidine,  and  the  amount  of  Total 
Alkaloids,  in  the  Succirubra  or  Red  Cinchona  Bark  {Cinchome 
Rubrce  Cortex,  B.P.). 

Mix  20  grammes  of  Red  Cinchona  Bark,  in  No.  60 
powder,  with  6 grammes  of  calcium  hydi’oxide ; slightly 
moisten  the  powders  with  20  cubie  eentimetres  of  water  ; 
mix  the  whole  intimately  in  a small  porcelain  dish  or  mortar ; 
allow  the  mixture  to  stand  for  an  hour  or  two,  when  it  will 
present  the  characters  of  a moist,  dark-brown  powder,  in 
which  there  should  be  no  lumps  or  visible  white  particles. 
Transfer  this  j)owder  to  a suitable  flask  fitted  with  a small 
reflux  condenser,  add  130  cubic  centimetres  of  benzolated 
amyl  alcohol  [3  vols.  of  commercial  benzol  and  one  vol.  of 
amyl  alcohol],  boil  them  together  for  about  half  an  hour, 
decant  the  liquid  on  to  a filter,  leaving  the  powder  in  the 
flask  ; add  more  of  the  benzolated  amyl  alcohol  to  the 
j)owder,  and  boil  and  decant  as  before ; repeat  this  operation 
a third  time  ; then  turn  the  contents  of  the  flask  on  to  the 
filter,  and  wash  by  percolation  with  more  of  the  benzolated 
amyl  alcohol  until  the  Bark  is  exhausted.  Introduce  the 
collected  filtrate,  while  still  warm,  into  a stopjiered  glass 
separator;  add  to  it  2 cubic  centimetres  of  diluted  hydro- 
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chloric  acid,  mixed  with  12  cubic  centimetres  of  water; 
shake  them  well  together,  and  when  the  acid  liquid  has' 
separated  this  may  be  drawn  off,  and  the  process  repeated: 
with  water  slightl}'^  acidulated  with  hydrochloric  acid,  until 
the  whole  of  the  alkaloids  have  been  removed.  The  liquid 
should  then,  while  warm,  be  carefully  and  exactly  neutralized 
with  solution  of  ammonia,  and  concentrated  to  the  bulk  ofl 
IG  cubic  centimetres.  If  now  about  T5  gramme  of  sodium 
potassium  tartrate,  dissolved  in  twice  its  weight  of  Avater,  be 
added  to  the  solution,  and  the  mixture  stirred  Avith  a glass- 
rod,  insoluble  quinine  and  cinchonidine  tartrates  Avill  separate 
completely  in  about  an  hour;  and  these  collected  on  a filter,. 
Avashed,  and  dried  in  a Avater  oven,  Avill  contain  eight-tenths- 
of  their  Avcight  of  the  alkaloids,  quinine  and  cinchonidine, 
Avhich,  multiplied  by  5,  gives  the  weight  of  those  alkaloids 
present  in  100  grammes  of  the  Bark.  To  the  mother-liquor 
from  tlic  preceding  process  add  solution  of  ammonia  in  slight 
excess.  Collect,  Avash,  and  dry  the  preci))itate,  Avhich  Avill! 
contain  the  other  alkaloids.  The  weight  of  this  precipitate 
multiplied  by  5,  and  added  to  the  percentage  weight  of  the 
(piinine  and  cinchonidine,  gives  the  percentage  weight  of 
total  alkaloids. 

Nolc. — If  it  is  desired  to  obtain  each  alkaloid  seiiaratelj', 
the  above  process  may  l)e  modified  by  using  dilute  sulphuric 
instead  of  hydrochloric  acid  for  removing  the  alkaloids  from 
the  benzolated  amyl  alcohol,  and  exactly  neutralizing  Avith 
ammonia  while  kept  hoi  on  a water-halh ; on  cooling,  the 
(juinine  Avill  crystallize  out  almost  completely  as  neutral  sul- 
phate. The  cinchonidine  may  then  be  jArecipitated  from  the 
filtrate  by  sodium  potassium  tartrate,  and,  after  its  removal, 
quinidine,  if  present,  by  potassium  iodide;  finally,  cinchonine 
is  obtained  by  precipitating  the  filtrate  from  the  quinidine 
Avith  caustic  soda  or  ammonia. 

Kxlractum  Cinchoiue  Lixjuidnm,  B.P. — The  greater  j)ortion 
of  the  alkaloids  of  Red  Cinchona  Bark  is  dissolved  out  by 
Avater  acidulated  with  hydrochloric  acid  and  containing 
glycerin.  The  acid,  in  acting  as  a solvent,  probably  more  or 
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less  decomposes  the  natural  compounds  in  the  bark.  The 
glycerin  contributes  to  the  permanence  of  the  preparation. 
The  mixture  is  evaporated  to  a low  bulk,  assayed  as  follows, 
and  further  evaporated  or  diluted,  until  85  cubic  centimetres 
contain  5 grammes  of  total  alkaloids;  12'5  cubic  centimetres 
of  alcohol  (90  per  cent.)  are  then  added,  and  the  final  adjust- 
ment of  the  volume  to  100  cubic  centimetres  effected  by  the 
addition  of  distilled  water.  The  assay  is  thus  conducted. 
Put  5 cubic  centimetres  of  the  liquid,  together  with  25  cubic 
centimetres  of  water,  into  a stoppered  glass  separator ; add 
30  cubic  centimetres  of  benzolated  amyl  alcohol  and  15  cubic 
centimetres  of  solution  of  potassium  hydroxide,  shake  them 
together  thoroughly  and  repeatedly  ; allow  them  to  remain 
at  rest  until  the  spirituous  solution  of  the  alkaloids  shall  have 
separated  and  formed  a distinct  stratum  over  the  dark- 
coloured  alkaline  liquid.  Run  off  the  latter  by  the  stopcock 
into  another  separator ; agitate  it  thoroughly  with  30  cubic 
centimetres  of  benzolated  amyl  alcohol ; allow  the  liquids  to 
separate ; draw  off  and  reject  the  lower  layer ; add  the 
alcoholic  layer  to  the  liquid  in  the  first  separator ; wash  the 
mixture  with  a little  water  ; agitate  thoroughly  with  30  cubic 
centimetres  of  a warm  mixture  of  1 volume  of  diluted  hydro- 
chloric acid  and  5 volumes  of  water ; allow  the  liquids  to 
separate ; draw  off  the  lower  acid  layer  into  another 
separator  ; agitate  the  alcoholic  layer  with  a second  quantity 
of  30  cubic  centimetres  of  the  mixture  of  water  and  diluted 
hydrochloric  acid  ; when  separated,  draw  this  off  into  the 
other  portion  of  acid  liquid  ; to  the  mixture  add  10  cubic 
centimetres  of  chloroform  and  sufficient  solution  of  ammonia 
to  impart  a strongly  alkaline  reaction  ; shake  thoroughly ; 
allow  the  liquids  to  separate  ; draw  off  the  lower  chloroformic 
layer  into  a weighed  dish  ; repeat  the  agitation  and  separa- 
tion with  two  succe.ssive  quantities  of  10  cubic  centimetres  of 
chloroform,  and  add  the  chloroformic  liquids  to  that  in  the 
dish.  Allow  the  chloroform  to  evaporate  slowly  ; dry  the 
rc.sidue  in  the  dish  at  a temperature  of  about  230°  F.  (110° 
C.).  The  weight  of  the  dish  and  its  contents,  after  deduct- 
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ing  the  known  weight  of  the  dish,  will  give  that  of  the 
alkaloids. 

l)e  Vrij’s  Method  for  the  Separation  of  the  Mixed  Alkalokls 
from  Cinchona.  Harks.  Dc  J'rij’s  Method  for  the  Separation  and 
Quantitative  Determination  of  all  the  different  Cinchona  Alkaloids. 
For  these  processes  the  reader  is  referred  to  the  eleventh 
edition  of  this  Manual.  Prollins’s  Method  for  the  Estimation  of 
Total  Alkaloids  in  Cinchona  Bark,  as  modified  hi/  De  Vrij. — See 
the  thirteenth  edition. 

Official  (IkP.)  Methods  of  Testing  Qiiinine  Sulphate  for  other 
A Ik  a loid  a I Su  Iphates. 

Te.st  for  Cinchonidinc  and  Cinchonine. — Dissolve  4 grammes 
of  the  Quinine  Sulpliate  in  120  cubic  centimetres  of  boiling 
water.  Cool  tlie  solution  slowly  to  122°  F.  (60°  C.)  with 
frcipient  stirring.  Separate,  by  filtration,  the  purified  quinine 
suljdiate  which  has  crystallized  out.  Concentrate  the  filtrate 
by  evaporation  until  it  is  reduced  to  10  cubic  centimetres 
or  less  ; transfer  to  a small  stoppered  flask,  and,  when  cold, 
shake  with  10  cubic  centimetres  of  ether  and  half  that 
volume  of  solution  of  ammonia.  Set  aside  in  a cool  place  for 
not  less  than  24  hours.  Collect  the  crystals,  which  consist 
of  cinchonidinc  and  cinchonine  combined  with  quinine,  on  a 
tared  filter,  wash  with  a little  ether,  dry  at  212°  F.  (100°  C.), 
and  weigh.  They  should  not  amount  to  more  than  0T2 
gramme. 

'Test  for  Quinidinc. — Dissolve  1 gramme  of  the  Quinine 
Sulphate  in  30  cubic  centimetres  of  boiling  water  ; cool,  and 
filter.  To  the  solution  add  solution  of  potassium  iodide,  and  a 
little  alcohol  (90  per  cent.)  to  jirevent  the  precipitation  of 
amorphous  hydriodides.  Collect  any  separated  (|uinidine 
hydriodide,  wash  with  a little  water,  dry,  and  weigh.  The 
weight  rej)resents  about  an  equal  weight  of  crystallized 
quinidine  sulphate.  None,  or  only  the  slightest  traces  should 
be  obtained. 

'Test  for  Cwpmac.— Shake  the  reciystallized  quinine 
sulphate,  obtained  in  testing  the  original  Quinine  Sulphate 
for  cinchonidinc  and  cinchonine,  with  25  cubic  centimetres  of 
ether  and  G cubic  centimetres  of  solution  of  ammonia,  and  to 
this  ethereal  solution,  sej)arated,  add  the  ethereal  liquid  and 
washings  also  obtained  in  testing  the  original  sulphate  for 
the  two  alkaloids  just  mentioned.  Shake  this  ethereal  liquid 
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with  6 cubic  centimetres  of  a 10  per  cent,  solution  of  sodium 
hydroxide,  adding  w'ater  if  any  solid  matter  should  separate. 
Remove  the  ethereal  solution.  Wash  the  aqueous  solution 
with  more  ether,  and  remove  the  ethereal  washings.  Add 
diluted  sulphuric  acid  to  the  aqueous  liquid,  heated  to 
boiling,  until  exactly  neutral.  When  cold,  collect  any 
crystallized  cupreine  sulphate  on  a tared  filter,  dry,  and 
weigh.  None,  or  only  the  slightest  traces  should  be 
obtained. 

“ Quinine  sulphate  ” should  not  contain  much  more  than 
five  per  cent,  of  other  cinchona  alkaloid  sulphates. 

Quinine  sulphate  normally  contains  15‘2  per  cent,  of  water ; 
cinchonidine  sulphate  7'0  per  cent. ; cinchonine  sulphate 
6’0  per  cent. ; all  given  off  at  100°  to  115°  C.  The  drying 
should  therefore  be  effected  at  120°  C.,  and  the  dried  salt 
weighed  in  well-fitting  weighing  tubes.  100  parts  of  cin- 
chonidine are  equivalent  to  116  parts  of  anhydrous  cinchoni- 
dine sulphate. 

Cinchonidine  sulphate  is  almost  the  only  salt  likely  to  be 
accidentally  present  in  commercial  quinine  sulphate,  much 
(juinidine  being  rarely  present  in  bark,  and  cinchonine  sul- 
phate being  sufficiently  soluble  to  remain  dissolved  in  the 
mother-liquors  of  quinine  sulphate.  The  cinchonidine  sul- 
phate may  vary  from  1 to  18  per  cent.,  but  more  usually  is 
present  to  the  extent  of  4 to  6 per  cent. 

I)c  Vrij’s  Chromale  Test  for  the  purity  of  quinine  sul2jhate. 
— The  purity  of  c]uinine  sulj)hate  may  be  tested  in  the 
following  manner  (De  Vrij): — 

Dissolve  1 gramme  of  the  salt  in  40  c.c.  of  hot  distilled 
water  and  add  6 c.c.  of  a 5 per  cent,  solution  of  pure  jiotassium 
chromate.  Set  aside  for  several  hours  at  a temperature  nut 
above  15°  C.,  when  the  quinine  will  be  completely  jjrecij)!- 
tated  as  chromate.  Filter,  and,  after  adding  a few  more 
drops  of  the  chromate  to  the  filtrate  to  make  sure  that  the 
precipitation  has  been  comjileted,  add  9 or  10  droj)s  of  a 5 
per  cent,  solution  of  caustic  soda.  If  the  quinine  suli)hate 
was  j)ure,  the  solution  will  remain  clear,  even  after  a day’s 
standing;  but  if  cinchonidine  was  j)rescnt,  that  alkaloid  will 
be  precipitated,  and  may  be  filtered  off  and  weighed. 

0/  the  Iron  and  (Quinine  Cilrale  (^Ferri  el  (Ininina’  Citrax, 
B.F.)  it  is  officially  stated  that  5 grammes  dissolved  in  45 
cubic  centimetres  of  water,  and  treated  with  a slight  excess 
of  solution  of  ammonia,  give  a white  precipitate,  which,  when 
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dissolved  out  repeated  treatment  of  the  liquid  with  ether 
and  the  latter  evaporated  and  the  residue  completely  dried  at 
248°  F.  (120°  C.),  weighs  0'75  gramme.  The  precipitate  is 
almost  entirely  soluble  in  a small  quantity  of  purified  ether  ; 
when  burned,  it  leaves  but  a minute  residue  ; neutralized  with 
sulpliuric  acid,  it  should  answer  to  the  characters  of  and  tests 
for  Quinine  Sulphate. 

-■/  Process  for  the  Detcrmiiialion  of  the  Quinine  of  the  Scale 
Compound. — To  the  residue  obtained  as  stated  in  the  fore- 
going paragraj)h,  about  25  c.c.  of  water  and  enough  dilute 
sulphuric  acid  to  impart  a decidedly  acid  reaction  are  added. 
The  mixture  is  next  heated  over  a water-bath  until,  the 
solution  remaining  acid,  the  residue  has  completely  dissolved. 
Dilute  solution  of  caustic  soda  is  afterwards  added  with  great 
care  until  tlie  solution  is  exactly  neutral.  The  dish  is  then 
removed  and  the  solution  allowed  to  cool  and  rest  over  night, 
when  the  (]uinine  will  have  separated  in  ciystals  of  ordinary 
sulphate.  These  should  be  collected  on  a filter,  and  the 
motber-licpior  tested  with  litmus-paper.  If  it  is  acid,  it  must 
be  warmed  over  a water-bath  and  dilute  soda  solution  added 
to  exact  neutralization,  and  the  solution  set  aside  as  before, 
when  some  more  crystals  will  jirobably  separate.  These 
also  are  collected  and  with  the  former  ones  washed,  dried  at 
120°  C.,  and  weighed  [(C,„I:F,,N.p.J,,H2SO.j  = 74T02].  To 
this  Avcight  must  be  added  1 gramme  for  every  760  c.c.  of 
mother-licpior  on  account  of  the  quinine  sulphate  which  it 
retains  in  solution.  From  this  weight  of  anhydrous  quinine 
sulphate  is  calculated  its  equivalent  of  hydrous  quinine 
2IQ0  = 679-44,  the  a])proximate  formula  of 
hydrous  (juinine  dried  over  a water-bath.  The  weight  thus 
obtained  is  compared  with  the  weight  of  total  alkaloid 
determined,  both  having  been  reduced  to  percentages.  The 
(piantity  of  hydrous  quinine  calculated  from  the  crystals  of 
sulphate  should  not  be  much  below  that  weighed  directly. 
In  good  specimens  the  difi’erence  will  be  about  one  per  cent. 

(pinine  suljihate  should  yield,  according  to  De  Vrij,  at 
least  9T6  per  cent,  of  quinine  tartrate. 

MORPHINE 

77/e  ojficial  (B.P.,  1898)  process  for  the  estimation  of  this 
alkaloid  in  opium  is  the  Hager-Jacobsen  method  somewh.-it 
modified,  and  is  conducted  in  the  following  manner: — 
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Test. — Take  of  opiunij  dried  at  212°  F.  (100°  C.),  and  in 
No.  50  powder,  14  grammes  ; calcium  hydroxide,  freshly  pre- 
pared 6 grammes ; ammonium  chloride  4 grammes  ; alcohol 
(90  per  cent.),  ether,  distilled  water,  of  each  a sufficiency. 
Triturate  together  the  opium,  calcium  hydroxide,  and  40 
cubic  centimetres  of  water  in  a mortar  until  a uniform 
mixture  results;  add  100  cubic  centimetres  of  water,  and  stir 
occasionally  during  half  an  hour.  Filter  the  mixture  through 
a plaited  filter  about  10  centimetres  in  diameter  into  a wide- 
mouthed bottle  having  a capacity  of  about  300  cubic  centi- 
metres and  marked  at  exactly  104  cubic  centimetres,  until 
the  filtrate  reaches  this  mark.  To  the  filtered  liquid  (repre- 
senting 10  grammes  of  opium)  add  10  cubic  centimetres  of 
alcohol  (90  per  cent.)  and  50  cubic  centimetres  of  ether ; 
shake  the  mixture  ; add  the  ammonium  chloride,  shake  well 
and  frequently  during  half  an  hour,  set  aside  for  twelve  hours 
for  the  morphine  to  separate.  Counterbalance  two  small 
filters  ; place  one  within  the  other  in  a small  funnel  in  such 
a way  that  the  triple  fold  of  the  inner  filter  shall  be  super- 
posed upon  the  single  fold  of  the  outer  filter  ; wet  them  with 
ether  ; remove  the  ethereal  layer  as  completely  as  possible  by 
means  of  a small  pipette,  transferring  the  liquid  to  the  filter  ; 
rinse  the  bottle  with  20  cubic  centimetres  of  ether,  again 
transferring  the  ethereal  layer,  by  means  of  the  pipette,  to 
the  filter;  wash  the  filter  with  a total  of  10  cubic  centimetres 
of  ether,  added  slowly  and  in  portions.  Let  the  filter  dry  in 
the  air,  and  pour  upon  it  the  contents  of  the  bottle  in 
I)ortions,  in  such  a way  as  to  transfer  the  granular  crystalline 
morphine  as  completely  as  possible  to  the  filter.  Wlien  all 
the  liquid  has  passed  through,  wash  the  remainder  of  the 
morpliine  from  the  bottle  witli  morphinated  water  * until  the 

* Morphinated  Water. — “ Prepared  by  digesting  pure  morphine  in 
Chloroform  Water  for  .seven  days  at  a temperature  of  00“  F.  (la ’5°  C.), 
with  occasional  agitation,  so  as  to  obtain  a saturated  solution  of  the 
alkaloid,  and  filtering  from  the  undissolved  morjihine.”  Morphine  is 
“ the  precipitate  obUiined  on  adding  solution  of  ammonia,  in  slight 
excess,  to  a solution  of  a pure  morphine  salt  in  water,  the  precipi- 
tate being  washed  with  water  until  free  from  ammonium  salt.”  B.l’. 
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whole  has  been  removed.  Wash  the  crystals  with  morphin- 
ated  water  until  the  washings  are  free  from  colour  ; allow  the 
filter  to  drain,  and  dry  it,  first  by  pressing  between  sheets  of 
bibulous  pai)cr,  afterwards  at  a temperature  between  131°  and 
140°  F.  (55°  and  G0°  C.),  finally  at  230°  F.  (110°  C.)  for  2 
hours.  Weigh  the  crystals  in  the  inner  filter,  counter- 
balancing by  the  outer  filter.  Take  0'5  gramme  of  the 
crystals  and  titrate  with  decinormal  volumetric  solution  of 
sulphuric  acid  until  the  liquid,  after  boiling,  slightly  reddens 
blue  litmus  pajier.  1 cubic  centimetre  of  this  volumetric 
solution  represents  0'0283  gramme  of  pure  anhydrous  mor- 
phine. The  weight  of  pure  anhydrous  morphine  indicated  by 
the  titration  as  obtainable  from  the  total  quantity  of  the 
crystals,  jilus  OTOl  gramme  (representing  the  average  loss 
of  morphine  during  the  process),  should  amount  in  total  to  1 
gramme;  that  is  to  say,  to  a total  of  not  less  than  0'95  gramme 
and  not  more  than  T05  grammes,  corresponding  to  about  10 
per  cent,  of  anhydrous  morphine  in  the  dry  powdered  opium. 

Texchci/Kic/ier  and  SniiUis  Mdhod. — Thoroughly  exhaust 
200  grains  of  oj)ium  with  warm  distilled  water.  Concentrate 
this  watery  extract  to  a thin  syrup  in  a shallow  dish,  over  a 
water-bath,  the  water  of  which  should  not  quite  boil.  Trans- 
fer this  thin  .syrup  to  a suitable  flask,  which  pennits  the  use 
of  a soft  cork,  using  a few  drops  of  water  successively,  to 
wash  out  the  dish.  Add  to  the  contents  of  the  flask  50  fluid 
grains  of  alcolu)!,  sp.  gr.  about  0*820,  and  about  600  fluid 
grains  of  ether.  Mix  gently,  but  thoroughly,  and  then  add 
some  50  Huid  grains  of  ammonia,  sp.  gr.  0*935.  Shake  the 
contents  of  the  Hask  well  to  precipitate  the  alkaloids  in 
arenaceous  crystals,  with  occasional  agitation  during  the 
ensuing  eighteen  hours.  Transfer  the  contents  of  the  Mask 
to  a vacuum  filter,  and  permit  all  the  adherent  liquid  to  he 
drawn  away,  washing  out  the  flask  with  morphinated  spirit,* 
and  continue  its  use  till  the  licpiid  passes  colourless.  'J’hcn 
wash  with  morphinated  water,  till  this  also  j)asscs  colour- 
less. Now  dry,  slowly  at  first,  finishing  at  212°  F.'  Transfer 

* Miiridiinalad,  SinrU. — Digest  a l;irge  excess  of  uior|)liine  in 
reelified  spirit  of  80  j)er  cent.,  for  several  flays,  with  I'reqiient 
agitation.  Filter  for  use. 
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the  dried  substance  to  a mortar,  reduce  it  to  a very  fine 
powder,  and  digest  it  thoroughly  in  benzene  to  dissolve  the 
narcotine  and  such  of  the  opium  alkaloids  other  than  mor- 
phine, as  may  be  present.  Transfer  this  mixture  to  a 
vacuum  filter,  wash  out  the  mortar  carefully  with  benzene, 
which  use  to  wash  the  powder  thoroughly.  The  latter 
consists  of  morphine,  free  from  other  opium  alkaloids  and 
narcotine,  but  still  containing  colouring  and  possibly  other 
organic  matters  to  the  extent  of  3 to  10  per  cent.  Dry  and 
weigh  this  powder.  Now  ascertain  the  percentage  by  weight 
of  crystallized  morphine  by  titration  of  this  powder  with 
standard  hydrochloric  acid,  using  litmus  as  the  indicator. 
(This  acid  is  so  made  that  1000  grains  by  weight  shall 
exactly  neutralize  100  grains  of  pure  morphine  crystallized 
from  water,  washed  with  ether,  and  gently  dried  finally 
at  212°  F.) 

Of  Morphine  Hydrochloride  it  is  officially  stated  that  2 
grammes,  “ dissolved  in  250  cubic  centimetres  of  warm 
morphinated  water,  with  solution  of  ammonia  added  in  the 
slightest  possible  excess,  will  give  on  cooling  a crystalline 
precipitate  which,  when  washed  with  a little  cold  mor- 
phinated water  and  dried,  should  weigh  T51  grammes.  The 
drying  should  be  accomplished,  first  by  pressing  the  precipi- 
tate between  sheets  of  bibulous  paper,  then  by  exposing  it  to 
a temperature  between  131°  and  140°  F.  (55°  and  60°  C.),  and 
finally  to  a temperature  of  230°  F.  (110°  C.)  for  twenty 
minutes.”  The  acetate  {Morphina’  Acetas,  B.P.)  is  liable  to 
lose  acetic  acid  and  become  basic,  hence  the  following  official 
requirements  : " 2 grammes  of  the  salt  form  with  6 cubic 
centimetres  of  warm  morphinated  water  a slightly  turbid 
solution,  which  is  rendered  clear  by  the  addition  of  OT  cubic 
centimetre  of  acetic  acid  ; and  this  solution,  when  mixed 
with  solution  of  ammonia  in  slight  excess,  yields  a precipitate 
which,  after  washing  and  drying  as  described  under  ‘ Mor- 
phinae  Hydrochloridum,’  weighs  T42  grammes.  If  the  salt 
yield  a larger  proportion  of  morphine  than  this,  it  should  be 
recrystallized  from  hot  water  acidulated  with  acetic  acid.” 

NUX-VOMICA  ALKALOIDS 

The  British  Pharmacopoeia  directs  that  its  three  galenical 
preparations  of  nux  vomica  (Kriracliwi  N7icix  F omicai  Lujiddimi, 
E.vlracliwi  Nucis  Vomicce,  and  Tinctura  Niicix  Foniicai)  shall 
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contain  defined  proportions  of  the  chief  alkaloid  of  the  drug. 

The  Liquid  Kxiracl  is  made  by  exhausting  poAvdered  mix 

vomica  witli  alcohol  (70  per  cent.)  by  percolation.  Tlie  pro- 
portion of  stiyclinine  in  the  resulting  strong  liquid  extract  is 
determined  by  the  following  official  analytical  process  : — 
Evaporate  10  cubic  centimetres  to  a thick  syrupy  consistence 
on  a water-bath  ; dissolve  the  residue  in  20  cubic  centimetres 
of  water,  heating  if  necessary ; place  the  solution  in  a 
separator,  and  add  5 grammes  of  sodium  carbonate  dissolved 
in  25  cubic  centimetres  of  water,  together  with  10  cubic 
centimetres  of  chloroform  ; agitate  thoroughly  ; set  aside  ; 
separate  the  clear  chloroformic  solution.  Twice  repeat  the 
agitation  with  chloroform,  and  the  separation.  Mix  G cubic 
centimetres  of  diluted  sulphuric  acid  with  25  cubic  centi- 
metres of  water  ; divide  this  into  three  parts,  and  shake  the 
mixed  chloroformic  solutions  with  each  in  turn.  Dilute  the 
united  acid  liquids  with  water  to  175  cubic  centimetres; 
transfer  to  a stoppered  fiask,  adding  25  cubic  centimetres  of 
solution  of  potassium  ferrocyanide  ; shake  well  and  frequently 
during  half  an  hour  ; allow  to  stand  for  six  hours.  Transfer 
the  ])recipitate  to  a small  filter,  rinsing  out  the  last  portions 
with  water  containing  one-fortieth  of  its  volume  of  diluted 
sulphuric  acid,  and  wash  until  the  washings  are  free  from 
bitterness.  Rinse  the  j)recipitate  into  a separator.  Add  5 
cubic  centimetres  of  solution  of  ammonia,  and  shake  well ; 
then  add  15  cubic  centimetres  of  chloroform  in  two  successive 
portions,  shaking  well  after  each  addition  ; sejiarate  the 
chloroformic  solutions,  mix  and  allow  the  chloroform  to 
evaporate  in  a counterpoised  dish  in  a current  of  warm  air  ; 
dry  the  residue  for  one  hour  on  a water-bath,  covering  the 
dish  to  avoid  loss  of  strychnine  from  decrepitation  ; weigh. 

From  this  weight  calculate  the  amount  of  strychnine  in 
the  strong  liquid  extract,  and  add  to  the  latter  sufficient 
alcohol  (70  per  cent.)  to  produce  a liquid  extract  of  mix 
vomica  containing  T5  grammes  of  strychnine  in  100  cubic 
centimetres,  or  1|  grains  in  110  minims. 

'I’he  Extract  is  prepared  by  adding  so  much  milk-sugar  to 
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tlie  evaporated  liquid  extract,  that  5 per  cent,  of  strychnine 
sliall  be  present;  the  Tincture  (0’25  grm.  per  100  c.c.)  by 
adding  distilled  water  and  alcohol  to  the  liquid  extract. 

SUGAR 

The  qualitative  test  for  sugar,  by  means  of  an  alkaline 
cupric  solution  {see  p.  560),  may  be  applied  in  the  determina- 
tion of  sugar  in  saccharine  substances. 

Process. — 34‘65  grammes  of  pure  dry  crystals  of  ordinary 
cupric  sulphate  are  dissolved  in  about  250  c.c.  of  distilled 
water.  173  grammes  of  pure  crystals  of  potassium  sodium 
tartrate  are  dissolved  in  480  c.c.  of  solution  of  caustic  soda  of 
sp.  gr.  T14.  The  solutions  are  onlij  mixed  rvhen  required, 
water  being  then  added  to  form  1 litre  ; smaller  quantities  of 
the  fluids  being  proportionately  diluted.  100  c.c.  of  this 
mixture  represent  3 ’465  grammes  of  cupric  sulphate,  and 
correspond  to  0 500  gramme  of  pure  anhydrous  gi’ape-sugar, 
0'475  of  cane-sugar,  0'807  of  maltose,  or  0‘450  of  starch. 
The  solutions  must  be  preserved  in  well-stoppered  bottles  to 
prevent  absorption  of  cai’bonic  anhydride,  and  should  be 
kept  in  a dark  place.  Should  the  mixtui’e  give  a precipitate 
on  boiling,  a few  drops  of  caustic  soda  may  be  added  when 
making  experiments.  Such  a reagent  is  known  as  Fehlings 
.sohdion. 

Dissolve  0’475  grm.  of  pure  powdered  cane-sugar  in  about 
50  c.c.  of  water,  convert  into  inverted  sugar  by  acidulating  with 
sulphuric  acid  and  heating  for  a hour  or  two  on  a water-bath, 
make  slightly  alkaline  with  sodium  carbonate,  and  dilute  to 
100  c.c.  Place  10  c.c.  of  the  cupric  solution  in  a small  flask, 
dilute  with  three  or  four  times  its  volume  of  water,  and 
gently  boil.  Into  the  boiling  Hijuid  drop  the  solution  of 
sugar  from  a burette,  1 cubic  centimetre,  or  less,  at  a time, 
until,  after  standing  for  the  precipitate  to  subside,  the  super- 
natant liquid  has  just  lo.st  its  blue  colour  ; 10  c.c.  of  the  solu- 
tion of  sugar  should  be  recpiircd  to  j)roduce  this  effect — 
equivalent  to  0'0475  of  cane-sugar,  0 0807  of  maltose,  or 
0 0500  of  grape-sugar.  Experiments  on  pure  cane-sugar 
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must  be  practised  until  accuracy  is  attained  ; syrups,  diabetic 
urine,  and  saccharated  substances  containing  unknown  quan- 
tities of  sugar  may  tlien  be  analysed. 

Starch  is  converted  into  grape-sugar  by  gentle  ebullition 
with  dilute  acid  for  eight  or  ten  hours,  the  solution  being 
finally  diluted  so  that  sugar  corresponding  to  one  part  of 
starch  shall  be  contained  in  about  160  of  water. 

If,  instead  of  Fehling’s  solution,  Pavy’s  ammoniated  solu- 
tion be  used  {Proccedingn  of  the  Roijal  Socief/,  vol.  xxviii.,  p. 
260 ; and  vol.  xxix.,  p.  272  ; or  Lancet,  March  1,  1884,  p.  376  ; 
or  Pharmaceutical  Journal,  3 ser.,  vol.  xvii.,  p.  856),  one-fifth 
more  of  the  cupric  salt  will  be  required  for  the  same  quantity 
of  sugar. 

In  cases  in  which  loss  of  blue  colour  cannot  be  relied  on 
as  indicating  the  termination  of  the  reaction,  the  cuprous 
oxide  should  be  rapidly  filtered  out,  washed,  dried,  and 
ignited,  the  filter  being  ignited  separately,  to  minimise  the 
risk  of  reduction,  and  its  ash  added,  and  the  resulting  black 
cupric  oxide  weighed.  When  the  highest  attainable  degree 
of  accuracy  is  required,  it  is  now  customary  to  determine  the 
([uantity  of  copper  contained  in  the  precipitated  cuprou 
oxide  by  depositing  it  electrolytically  and  weighing  it.  One 
gramme  of  cupric  oxide  (or  of  cuprous  oxide  or  of  metallic 
copper)  indicates  the  subjoined  amounts  of  the  respective 
sugars. 


One  gramme  of 
Cupric  oxide  . 
Cuprous  oxide  . 
Metallic  copper 


Cano-  Milk-  Malt- 

GIucoso.  sugar.  sugar.  sugar. 

•4635  _ -4308  — •61.’i3  — -7314 

•5042  — -4790  — '6843  — -8132 

■5634  — -5395  — '7707  — -9089 


Sugar  may  be  estimated  roughly  by  the  measurement  of 
the  carbonic  anhydride  evolved,  or  of  the  alcohol  produced, 
during  fermentation  with  yeast.  In  the  method  of  Einhorn, 
a measured  quantity  of  urine  is  shaken  up  with  purified  yeast 
and  the  mixture  is  introduced  into  a tube  shaped  like  the 
Doremus  Ureometer  figured  on  p.  678  which  is  then  allowed 
to  stand  at  the  ordinary  temperature  for  twenty-four  hours. 
From  the  volume  of  carbonic  anhydride  evolved  during  the 
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i'ermentation  the  ([uantity  of  sugar  is  calculated^  or  the  tube 
may  be  so  graduated  as  to  indicate  the  percentage  of  sugar  in 
the  urine.  Should  the  urine  contain  more  than  1 per  cent, 
of  sugar,  it  must  be  diluted  and  the  experiment  repeated. 

Saccharimetrij. — A generic  term  for  certain  quantitative 
operations,  undertaken  with  the  view  of  ascertaining  the 
quantity  of  sugar  present  in  any  matter  in  which  it  may  be 
contained. 

Saccharimetry  is  frequently  performed  upon  common 
syrup  (Synqms,  B.P.)  and  solutions  which  are  known  to 
contain  nothing  but  ordinary  cane-sugar,  the  object  being 
merely  to  ascertain  the  quantity  present.  In  such  a case,  it  is 
only  necessary  to  take  the  specific  gravity  of  the  liquid  at 
60'’  F.  (1.5‘.'5°  C.),  and  then  refer  to  a previously  prepared 
Table  of  densities  and  percentages. 


Specific 

Cane-sugar, 

Specific 

Cane-sugar, 

Specific 

Cane-sugar, 

gravity. 

per  cent. 

gravity. 

per  cent. 

gravity. 

per  cent. 

1-007 

. 1-8 

1-100 

. 23-7 

1-210 

. 45-8 

1-014 

3-6 

1-108 

. 25-4 

1-221 

. 47-8 

1-022 

5-6 

1-116 

. 27-1 

1-231 

. 49-7 

1-029 

. 7-3 

1-125 

. 29-0 

1-242 

. 51-7 

1-036 

. 9-0 

1-134 

. 30-9 

1-252 

. 53-4 

1-044 

. 10-9 

1-143 

. 32-8 

1-261 

. 55-0 

1-052 

. 12-8 

1-152 

. 34-6 

1-275 

. 57-4 

1-060 

. 14-7 

1-161 

. 36-4 

1-286 

. 59-3 

1-067 

. 16-3 

1-171 

. 38-4 

1-298 

. 61-4 

1-075 

. 18-1 

1-180 

. 40-1 

1-309 

. 63-2 

1-083 

. 19-9 

1-190 

. 42-0 

1-321 

. 65-2 

1-091 

. 21-7 

1-199 

. 43-7 

l-330(u. 

i>.)66-6 

The  specific  gravity  may  be  taken  by  means  of  a hy- 
drometer, technically  termed  a saccharomelcr.  (The  specific 
gravities  above  correspond  to  the  degrees  of  Baume’s  Hy- 
drometer from  1°  to  36°. ) 

If  a liquid  contains  other  substances  besides  cane-sugar, 
the  test  of  specific  gravity  is  of  little  or  no  value.  Advantage 
may  then  frequently  be  taken  of  the  fact  that  a solution  of 
cane-sugar  causes  rotation  of  the  plane  of  polai'ization  of  a 
ray  of  plane-polarized  light  to  the  right,  to  an  extent  pro- 
portionate to  the  quantity  of  sugar  in  solution.  The  sacchar- 
ine fluid  is  placed  in  a long  tube  having  opaque  sides  and 

3 E 
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transparent  ends ; and  a ray  of  homogeneous  light,  polarized 
by  reflection  from  a black-glass  mirror  or  otherwise,  is  sent 
through  the  liquid  and  optically  examined  by  the  aid  of  a 
phate  of  tourmaline,  Nicol  s prism,  or  other  jmlarizing  eye- 
piece. Attached  to  the  eyepiece  is  a short  arm  which 
traverses  a circle  divided  into  degrees.  The  eyepiece  and 
arm  are  previously  so  adjusted  that  when  the  polarized  ray  is 
no  longer  visible  the  arm  points  to  the  zero  of  the  scale  of 
degrees.  The  saccharine  solution,  however,  so  rotates  the 
plane  of  polarization  of  the  ray  as  to  again  render  it  visible  ; 
and  the  number  of  degrees  through  which  the  eyepiece  has 
to  be  rotated  before  the  ray  is  once  more  invisible  is  pro- 
portional to  the  (juantity  of  sugar  in  the  solution.  The 
value  of  the  degrees  having  been  ascertained  by  direct 
exj)erimcnt,  and  the  results  tabulated,  a reference  to  the 
table  indicates  the  percentage  of  sugar  in  the  liquid  under 
examination.  Grape-sugar  is  dextro-rotatory,  but  less  power- 
fully than  cane-sugar  ; moreover,  grape-sugar,  uidike  cane- 
sugar,  does  not  suffer  inversion  (.sre  j).  560)  on  the  addition  of 
liydrochloric  acid  to  its  solution — an  operation  that  furnishes 
data  for  ascertaining  the  (juantities  of  cane-  and  of  gi’ape- 
sugar,  or  of  crystallizable  and  non-crystallizable  sugar,  present 
in  a mixture.  In  using  the  polariscope  in  saccharimetry,  it  is 
convenient  to  employ  tubes  of  uniform  size,  and  always  to 
operate  at  the  same  temperature.  Various  modes  are  adopted 
of  applying  for  quantitative  purposes  this  action  of  cane-sugar 
and  other  varieties  of  sugar  on  polarized  light. 

ALCOHOL 

Mulder  s process  for  the  approximate  determination  of  the 
quantity  of  alcohol  in  wdne,  beers,  tinctures,  and  other 
alcoholic  liquids  containing  vegetable  matter,  is  as  follows : — 
Take  the  specific  gravity  and  temperature  of  the  licjuid,  and 
measure  off  a certain  quantity  (100  cubic  centimetres); 
evaporate  to  one-half  or  less,  avoiding  ebullition  in  order  that 
particles  of  the  material  may  not  be  carried  away  by  the 
steam.  J)ilute  with  w'ater  to  the  original  volume,  and  take 
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the  specific  gravity  at  the  same  temperature  as  before.  Of 
the  figures  representing  the  latter  specific  gravity,  all  over 
I'OOO  show  to  what  extent  dissolved  solid  matter  affected  the 
original  specific  gravity  of  the  liquid.  Thus,  the  specific 
gravity  of  a sample  of  wine  at  15'5°  C.  is  0 9951  ; evaporated 
till  all  alcohol  is  removed,  and  then  diluted  with  water  to  the 
original  volume,  the  specific  gravity  at  15 '5°  C.  is  T0081  ; 
and  T0081  - T000  = 0'0081,  which  latter  figure  represents  the 
effect  of  the  dissolved  solid  matter  in  0'9951  part  of  the 
original  wine.  0’0081  subtracted  from  0'9951  leaves  0'987, 
which  is  the  specific  gravity  of  the  alcohol  and  water  of  the 
wine.  Or,  divide  the  specific  gravity  of  the  wine  by  the 
specific  gravity  of  the  wine  minus  alcohol,  carrying  out  the 
division  to  four  places  of  decimals ; the  quotient  shows  the 
specific  gravity  of  the  water  and  alcohol  only  of  the  wine. 
On  referring  to  a table  of  the  strengths  of  diluted  alcohol 
of  different  specific  gravities,  0’987  at  15'5°  C.  is  found  to 
indicate  a spirit  containing  8 per  cent,  of  alcohol.  If  the 
removal  of  the  alcohol  from  the  wine  be  conducted  in  a 
retort,  the  liquid  being  boiled  and  the  steam  carefully  con- 
densed ; and  the  distillate  be  diluted  with  water  to  the 
, original  volume  of  the  wine  operated  on,  the  resulting 
mixture  will  furnish  a liquid  which  still  more  accurately 
represents  the  original  wine  in  the  proportion  of  alcohol 
which  it  contains.  The  number  in  the  table  corresponding 
to  the  specific  gravity  of  this  liquid  then  shows  the  percentage 
of  alcohol  present  in  the  wine. 


DIALYSIS 

Dialysis  (from  8ta,  dia,  through,  and  Avo-ts,  litsis,  a loosing 
or  resolving)  is  a term  applied  by  Graham  to  a j)rocess  of 
analysis  by  diffusion  through  a porous  septum.  The  apparatus 
used  in  the  process  is  called  a dialyzcr,  and  is  constructed  and 
employed  in  the  following  manner.  The  most  convenient 
septum  is  the  commercial  article  known  as  parchment  paper, 
made  by  immersing  unsized  paper  for  a short  time  in  sul- 
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phuric  acid  and  then  thoroughly  washing  it  in  water. 
A piece  of  this  material  is  stretched  over  a gutta  percha 
hoop^  and  secured  by  a second  external  hoop.  Dialyzers  of 
useful  size  are  one  or  two  inches  deep  and  five  to  ten  inches 
wide.  Liquids  to  be  dialyzed  are  poured  into  the  dialyzer, 
which  is  then  floated  in  a flat  dish  containing  distilled  water. 
The  portion  passing  through  the  septum  is  termed  the  diffu- 
sate,  the  portion  which  does  not  pass  through  is  termed  the 
dialysalc. 

The  practical  value  of  dialysis  depends  upon  the  fact  that 
certain  substances  diffuse  through  a given  porous  septum  far 
more  rapidly  than  others.  Uncry stallizable  substances  diffuse 
very  slowly.  Of  such  substances  as  starch,  gum,  albumen  and 
gelatin,  the  last  named  is  one  of  those  which  diffuse  most 
slowly  ; hence  substances  of  this  class  are  termed  colloids,  or 
bodies  like  collin,  which  is  the  soluble  form  of  gelatin.  Sub- 
stances which  diffuse  rapidly  are  mostly  crystalline ; hence 
bodies  of  this  class  are  termed  crystalloids. 

By  the  aid  of  dialysis  it  is  possible  to  separate  small 
quantities  of  crystalloid  substances  from  the  large  quantities 
of  colloid  matter  often  present  in  vegetable  and  animal 
liquids. 


QUESTIONS  AND  EXERCISES 

Potassium  carbonate  is  said  to  lose  16  per  cent,  of  water  on  ex- 
posure to  a red  heat ; give  the  details  of  manipulation  observed  in 
verifying  this  statement. — Write  a few  paragraphs  descriptive  of 
the  process  of  ultimate  organic  analysis. — In  what  forms  are  car- 
bon, hydrogen,  and  nitrogen  weighed  in  quantitative  organic  analy- 
sis?— In  the  combustion  of  0'41  gramme  of  sugar,  what  weights  of 
products  will  be  obtained  ? Ans.,  0’632  gramme  of  carbonie  anhydride 
(CO2)  and  0’237  gramme  of  water  (H.jO). — How  is  cinchona  bark 
assayed  for  mixed  alkaloids  ? — Give  the  official  method  for  the  estima- 
tion of  morphine  in  opium.  — Mention  the  operations  necessary  for  the 
determination  of  the  proportion  of  sugar  in  saccharated  iron  c.arbonate, 
or  in  a specimen  of  diabetic  urine. — What  is  understood  by  saccliarl- 
metry? — Give  two  processes  for  the  estimation  of  the  percentage  of 
alcohol  in  tinctures,  wines,  or  beer. — Define  dialysis. 
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CONCLUSION 

Detailed  instructions  for  the  quantitative  analysis  of 
potable  water,  articles  of  food,  general  technical  products, 
special  minerals,  soils,  manures,  air,  illuminating  agents 
(including  solid  fats,  oils,  spirits,  petroleum,  and  gas),  dyes, 
and  tanning  materials,  would  scarcely  be  in  place  in  this 
volume. 

The  course  through  which  the  reader  has  been  conducted 
will,  it  is  hoped,  have  taught  him  the  principles  of  the  science 
of  chemistry,  and  have  given  him  special  knowledge  concern- 
ing the  applications  of  that  science  to  medicine  and  pharmacy, 
as  well  as  have  imparted  sufficient  manipulative  skill  to 
meet  the  I'equirements  of  manufacture  or  analysis.  The 
author  would  venture  to  suggest  that  this  knowledge  be 
utilized,  not  only  in  the  way  of  personal  advantage,  but  in 
experimental  researches  on  chemical  subjects  connected  with 
pharmacognosy,  pharmacology,  therapeutics,  and  pharmacy. 
The  discovery  and  publication  of  a new  truth,  great  or  small, 
is  the  best  means  whereby  to  aid  in  advancing  the  calling  in 
which  we  may  be  engaged,  increase  our  own  reputation,  and 
contribute  to  that  “ ultimate  end  of  knowledge  ” which  Bacon 
described  as  “ employing  the  Divine  gift  of  reason  to  the  use 
and  benefit  of  mankind.” 


Equivalent  weights  of  Citric  Acid,  Tartaric  Acid,  Potassium  Carbonate,  Potassium  Bicarbonate,  Sodium 
Carbonate,  Sodium  Bicarbonate,  Ammonium  Carbonate,  and  Magnesium  Carbonate ; repeated  (in  black)  for 
20  parts  of  each,  and  incidentally  (in  roman)  for  other  proportions.  (Exact  to  two  places  of  decimals.) 
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THE  ELEMENTS 


Names. 

Symbols. 

B.P.  Atomic 
Weights. 

H = 1 

International 
Atomic  Weights. 

6 = 16 

H i 

Aluminium 

A1 

26-90 

27-1 

26-9 

Antimony  . 

Sb 

11900 

120-2 

119-3 

Argon 

A 

39-9 

39-6 

Arsenium  . 

As 

74-50 

75-0 

74-4 

Barium 

Ba 

136-40 

137-4 

136-4 

Bismuth  . 

Bi 

207-30 

208-5 

206-9 

Boron 

B 

10-85 

11 

10-9 

Bromine  . 

Br 

79-35 

79-96 

79-36 

Cadmium  . 

Cd 

112-4 

111-6 

Caesium 

Cs 

133 

132 

Calcium 

Ca 

39-71 

40-1 

39-8 

Carbon 

C 

11-91 

12-00 

11-91 

Cerium 

Ce 

139-20 

140 

139 

Chlorine  . 

Cl 

35-19 

35-45 

35-18 

Chromium 

Cr 

51-74 

52-1 

51-7 

Cobalt 

Co 

59-0 

58-56 

Columbium  (Niobium) 

Cl) 

94 

93-3 

Copper 

Cu 

63-12 

G3-6 

63-1 

' Erbium 

E 

166 

164-8 

' Fluorine  . 

F 

19 

18-9 

1 Gadolinium 

Gd 

156 

155 

Gallium 

Ga 

70 

69-5 

1 Germanium 

Ge 

72-5 

71-9 

! Glucinum  (Beryllium) 

G1 

9-1 

9-03 

i Gold 

Au 

195-70 

197-2 

195-7 

Helium 

He 

... 

4 

4 

Hydrogen 

H 

1-00 

1-008 

1-000 

Indium 

In 

... 

114 

113-1 

Iodine 

I 

125-90 

126-85 

125-90 

Iridium 

Ir 

193-0 

191-5 

Iron  .... 

Fe 

55-60 

55-9 

55-5 

Krypton  . 

Kr 

81-8 

81-2 

Lanthanum 

La 

138-9 

137-9 

Lead 

Pb 

205-35 

206-9 

205-35 

Lithium  . 

Li 

6-97 

7-03 

6-98 

Magnesium 

Mg 

24-18 

24-36 

24-18 

Manganese 

Mn 

54-52 

55-0 

54-6 

Mercury  . 

Hg 

198-80 

200-0 

198-5 

Molybdenum 

Mo 

... 

96-0 

95-3 

THE  ELEMENTS — continued 


Names. 

Symbols. 

B.  P.  Atomic 
Weights. 

H = 1 

Interi 

Atomic 

6 = 16 

lational 

Weights. 

H = 1 

Neodymium 

Nd 

143-G 

142-5 

Neon 

Ne 

20 

19-9 

Nickel 

Ni 

58-7 

58-3 

Nitrogen  . 

N 

13-94 

14-04 

13-93 

Osmium 

Os 

191 

189-6 

Oxygen  . 

O 

15-88 

16-00 

15-88 

Palludium  . 

Pd 

106-5 

105-7 

Phosphorus 

P 

30-80 

31-0 

30-77 

Platinum  . 

Pt 

193-30 

194-8 

193-3 

Pota.ssium  . 

K 

38-83 

39-15 

38-86 

Praseodymium  . 

Pr 

, , , 

140-5 

139-4 

Radium 

Ra 

225 

223-3 

Rhodium  . 

Rh 

103-0 

102-2 

Rubidium  . 

Rb 

85-4 

84-8 

Ruthenium 

Ru 

101-7 

100-9  1 

Samarium  . 

Sm 

150 

148-9 

Scandium  . 

Sc 

44-1 

43-8 

Selenium  . 

Se 

• • • 

79-2 

78-6 

Silicon 

Si 

• • • 

28-4 

28-2 

Silver 

Ag 

107-11 

107-93 

107-12 

Sodium 

Na 

22-88 

23-05 

22-88 

Strontium  . 

Sr 

• * « 

87-6 

86-94 

Sulphur 
Tantalum  . 

S 

31-82 

32-06 

31-83 

Ta 

• • • 

183 

181-6 

Tellurium  . 

Te 

• • • 

127-6 

126-6 

Terbium  . 

Tb 

• • • 

160 

158-8 

Thallium  . 

T1 

• • • 

204-1 

202-6 

I’horium  . 

Th 

• • • 

232-5 

230-8 

Thulium  . 

Tm 

• • t 

171 

169-7 

Tin  .... 

Sn 

118-20 

119-0 

118-1 

Titanium  . 

'J’i 

• • • 

48-1 

47-7 

Tungsten  . 

W 

. • . 

184-0 

182-6  1 

Uranium  . 

U 

. . . 

238-5 

236-7  1 

Vanadium 

V 

• » • 

51-2 

50-8  1 

Xenon 

X 

• • • 

128 

127  1 

Ytterbium 

Yb 

173-0 

171-7 

Yttrium 

Yt 

• • < 

89-0 

88-3  1 

Zinc  .... 

Zn 

64-91 

65-4 

64-9  ' 

Zirconium 

Zr 

... 

90-6  1 

89-9 

INDEX 


Abies  balsam-a,  4S0,  555. 

Abri  radix,  581. 

Abriu,  581. 

Abnis  precatoHus,  581,  638. 
Absinthe,  576. 

Absinthin,  576. 

Absolute  alcohol,  489,  694, 
700. 

— temperature,  37. 
Absorption  spectrum,  654. 
.4cocia  catechu,  392. 

— suma,  392. 

AcacicB  cortex,  393. 

— gummi,  127. 

Acalypha,  613. 

Acalyphine,  613. 

Acetal,  522. 

Acetaldehyde,  520. 
Acetamide,  471. 

Acetanilide,  471. 
Acetanilidum,  471. 

Acetate,  ammonium,  97,  320. 

— amyl,  466. 

— calcium,  318. 

— copper,  230. 

— ethyl,  321,  405. 

— ferric,  172,  321. 

— lead,  2.50. 

— mercurous,  321. 

— mori)hine,  320,  597. 

— pota.ssium,  71. 

— silver,  321. 

— sodium,  86,  318. 
zinc,  144. 

Acetates,  318. 

— analytical  reactions  of,  321. 

— decomi»08itioii  of  aqueous 

solutions  of,  320. 

— distinction  of,  from  mecon- 

ates  and  thiocyanates, 
380,  395. 

Acetic  acid,  318,  320,  520. 

glacial,  320. 

volumetric  determina- 
tion of  free,  725. 

— anhydride,  319. 

— ether,  321,  465. 

— series  of  acids,  520. 

relations  of,  527. 

Aceto-acetic  acid  in  urine, 

680. 

ether,  46<l. 


Acetone,  321,  537. 

— ill  urine,  679. 

— iodoform  test  for, 

679. 

Le  Nobel’s  test  for, 

679. 

Acetonitrates,  ferric,  177. 
Acetonitrile,  519. 
Acetophenone,  537. 
Acetoximes,  592. 

Acetum  cantharidis,  319. 

— ipccacuanhes,  319,  624. 

— mylabridis,  319. 

— opii,  319. 

— scillie,  319. 

— urginecc,  319. 

Acetyl,  319. 

— benzaconine,  613. 

— chloride,  319. 

— salicylic  acid,  531. 
Acetylene,  455. 

— series  of  hydrocarbons, 

454. 

Acetylenes,  relations  to  par- 
aflins  and  olefines,  454. 
Acetylide,  copper,  455. 
Acetylides,  455. 

Acichlorides,  186,  309. 

Acid  anhydrides,  59. 

— character,  61. 

— potassium  sulphate,  307. 
tartrate,  76,  82,  346. 

— radical,  60. 

— reaction,  60. 

— salts,  61,  75,  76. 

— sodium  sulphate,  285. 

— solution  of  arsenic,  192. 
Acidimetry,  724,  727. 

Acidity  of  bases,  01. 

Acids,  acetic  series,  520. 

— acrylic  series,  528. 

— analytical  detection  of, 

400. 

— benzoic  or  aromatic  series, 

529. 

— basicity  of,  61,  283. 

— cinnamic  series,  533. 

— classes  of,  59. 

— concentration  of,  283. 

— dibasic,  01,  534. 

— free,  determination  of,  721. 

— glyoxylic  series,  527. 


Acids,  hexabasic,  537 

— hydroxybenzoic  series, 

529. 

— lactic  series,  526. 

— malic  series,  535. 

— of  chlorine,  316. 

— of  phosphorus,  385. 

— of  sulphur,  337. 

— organic,  618. 

— phthalic  series,  535. 

— polybasic,  537. 

— properties  of,  60. 

— quantitative  determina- 

tion of,  763. 

— “ strength  ” of,  283. 

— strong,  283. 

— succinic  series,  534. 

— sulphonic,  495. 

— table  showing  relations  of 

acetic,  lactic,  and  gly- 
oxylic,  527. 

acetic  and  dibasic 

series,  530. 

— tartaric  series,  535. 

— tetrabasic,  537. 

— tribasic,  635. 

— trihydroxybenzoic  series, 

532. 

— weak,  283. 

Acid  radicals,  qualitative 
detection  of,  400. 

quantitative  determina- 
tion of  salts  of,  770. 

tables  to  aid  in  the 

detection  of,  403,  404. 
Acidiim  aceticum,  320. 

— . — dilutum,  320. 

gluciulr,  320. 

— arseniosum,  190. 

— henzuiciim,  307. 

— horicnm,  804. 

— carliolicuni,  501 . 

li(iue/actum,  502. 

— chromicum,  184. 

— citricuvi,  851. 

— gallicum,  893. 
hydrnbromicuvi  dilutum, 

‘289. 

— hydrochloricum,  24,  284. 

— — dilutum,  284. 

— hi/drocyanicuui  dilutum, 

'301. 
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A cid  urn  h ypopliospho  rosnm 

dihUum,  876. 

— lacticum,  879. 

— uitricnm,  808. 

dilvlitm,  SOS. 

— nitro-hydrochlorieitvi  dilu- 

him,  826,  808. 

— olcicwn,  509. 

— phosjilwritMm  coiiccnlni- 

tum,  857. 

dihitum,  858. 

— nalicylicim,  580. 

— tiiUpliuricum,  888. 

aromalicitm,  832. 

dihitum,  882. 

— sulplnirosxivi,  827. 

— tiiiinicuvi,  890. 

— Inrtariciim,  347. 

.Idpi’tierr,  080. 

Acokiintherii,  584. 

Acoiiiiio,  018. 

Acuiiitd,  018. 

AcDnili  fcrucis  riuHj:,  014. 

— hiirrnjdiylli  riulix,  014, 

— radix,  013. 

Acoiiitia,  018. 

Acoiiitic  aciil,  858. 

AeonUitia,  018. 

Aconiliiio,  013. 

Aconitum  fernx,  014. 

— hHernphyUnm,  014. 

— mipcUuK,  018. 

Acorin,  540. 

Aconm  ciUamtm,  540. 

Aiirinyl  iso-Uiiooyanuto,  491. 
Acroliiiii,  507,  528. 

Aciro.so,  559. 

/i-Acroso,  501. 

Acrylaldoliydn,  .507,  528. 
Acrylic  acid,  528. 

Alim  ranrmoaa,  589. 

Adcpa,  618. 

— hmizoahia,  618. 

• iniliiratna,  513. 

— lima:,  510. 

hydruaiie,  511. 

Adliatodn,  031. 

— vaaica,  031. 

AdragaiiUiin,  573. 

Advice  to  Btudoiita,  xiii, 
420. 

.Kyle  Marmdos,  574. 

Aerated  bread,  503. 

— water,  389,  840. 

.Esculin,  024. 

.Ether,  499. 

— acetiens,  405. 

--  pnrijlcat us,  500. 

Afliiiity,  chemicjil,  42. 

Agate,  880. 

Aijropyrum,  689. 

Air,  composition  of,  20. 

— gas  burner,  15. 

— influence  of  animals  and 

plants  on,  11. 

— nitrogen  in  the,  18,  20. 

— oxygen  in  the,  10,  20. 

— ozonized,  294. 


Air,  relative  volumes  of  chief 
constituents  of,  20. 

— weight  of  1 cubic  cent.,  706. 

of  100  cubic  inches,  706. 

Ajowan  oil,  539. 

Ajwain  oil,  589. 

— (lowers  of,  589. 
Ajwainka-phul,  539. 
Alabaster,  117. 

Alan  tic  acid,  643. 

Alautol,  643. 

Alhiimcn,  033. 

— detection  of,  in  urine,  072. 

— vegetable,  038. 
Albumonoids,  033. 

Albumens,  038. 

Albumins,  038. 

Albuminuria,  074. 

Albumosos,  038,  041. 
Albumosuria,  074. 

Alchemy,  2,  229. 

Alcohol,  485. 

— absolute,  489,  094,  700. 

— ahsohihim,  489. 

— allyl,  494. 

— amyl,  397,  491. 

varieties  of,  492. 

— benzyl,  501,  533. 

— butyl,  899,  491. 

— ccryl,  493. 

— cetyl,  493. 

— cinnamyl,  .533. 

— decylene,  495. 

— duty-free,  489. 

— ethyl,  485. 

— from  sugar,  485. 

— hydroxybenzyl,  500. 

— in  bread,  485. 

— meli.ssyl,  493. 

— methyl,  482. 

— myrioyl,  493. 

— phonic,  501. 

— proponyl,  500. 

- propyl,  491. 

— purity  of,  483,  491,  732. 

— (luantiUitive  determination 

of,  802. 

— salicyl,  600. 

— tests  for,  490. 

— tolyl,  604. 

— various  strengths  of,  488. 
Alcoholates,  bromal,  525. 

— chloral,  522,  625. 

Alcoholic  beverages,  488. 

— fermentation,  485. 
Alcoholometer,  701. 

Alcohols,  481. 

— allyl  series,  494. 

— aromatic,  601. 

— diatomic,  481,  604. 

— diliydric,  481,  504. 

— ethyl  series,  481. 

— hexahydric,  617. 

— monatomic,  481. 

— monohydric,  481. 

— naphthyl,  476. 

— I)ontahydric,  517. 

— polyhydric,  510. 


Alcohols,  primary,  481. 

general  method  of  pre- 
paring, 482. 

— secondary, 481. 

— tertiary,  481. 

— tetrahydric,  517. 

— triatomic,  500. 

— trihydric,  600,  510. 
Aldehyde,  618,  620. 

— acrylic,  507. 

— -ammonia,  621. 

— benzoic,  308,  472,  501,  529, 

577. 

— cinnamic,  533,  542. 

— cuminic,  642. 

— euodic,  645. 

— formic,  223,  620. 

— glycollic,  618. 

— hoptoic,  542. 

— lauric,  646. 

— methylprotocatechuic,532. 

— orthohydro.xybenzoic,  631. 

— oxalic,  618. 

— parahyclroxybenzoic,  531. 

— protocatechuic,  532. 

— salicylic,  606,  531. 

— test  for,  521. 

Aldehydes,  618. 

— general  reactions,  519. 

— general  formation,  618. 
Aldoses,  658. 

Aldoximes,  592. 

Ale,  488. 

Alexandrian  senna,  578. 
Aliphatic  compounds,  430. 
Alizarato,  potassium,  475. 
Alizarin,  475,  045. 

Alkalies,  59. 

— analytical  separation  of 

the,  109. 

— quantitative  determina- 

tion of  the,  715. 
Alkalimetry,  723. 

Alkaline  carbonates,  volu- 
metric determination  of 
the,  720. 

— earths,  137. 

— reaction,  69. 

— .solution  of  arsenic,  191. 
Alkaloids,  590. 

— animal,  593. 

— antidotes  to  the,  690. 

— constitution,  690. 

— nomenclature  of,  596. 

— poisonous,  examination 

for,  001,  el  SCI/. 

— plant,  51'k 

— reagents  for,  000. 

Alkanet,  046. 

Alkanna  tinctoria,  045. 
Alkannin,  045. 

Alkyl  salts,  619. 

Allotropic  substances,  323. 
Allotropy,  323. 

Alloxan,  397. 

Alloy,  234. 

Ally!  alcohol,  491. 

— cyanide,  4Si4. 
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Ally],  iso-tUiocyamito,  494. 

— propyl  disulphide,  495. 

— series  of  alcohols,  494. 

— thiocyanate  (iso-),  494. 
Allyleue,  454. 

Almond  oil,  515. 

Almonds,  oil  of  bitter,  308, 
504,  529,  539,  677. 
test  for  nitro- 
benzene in,  578. 

— water  of  bitter,  302. 

Aloe  barbadensis,  477. 

— socolrina,  477. 

Aloes,  477. 

Aloins,  477. 

— formulae  of,  478. 

Aloinum,  477. 

Alpha-naphthol,  475. 

Alstonia,  023. 

— const  Hcta,  024. 

— scholaris,  023. 

Alstonice  cortex,  023. 
Alstoniciue,  024. 

Alstonine,  024. 

Altkmi  officinalis,  574. 

Alum,  157. 

— ammonia,  157. 

— cake,  158. 

— chrome-,  158,  184. 

— dried,  159. 

— flour,  158. 

— iron-,  158. 

— potash-,  158. 

— roche  or  rock,  159. 

— root,  393. 

— .shale,  157. 

— sodium,  158. 

Alumen,  157. 

— exsiccatum,  159. 

Alumina,  see  Aluminium 

o.xidc. 

Alumini  Sulpitas,  159. 
Aluminium,  157. 

— acetate,  159. 

— ammonium  sulphate,  1-57. 

— analyticai  reactions  of,  159. 

— and  sodium,  double  clilor- 

ide,  1,57. 

double  fluoride,  157. 

— bronze,  157. 

— chloride,  158. 

— derivation  of  word,  20. 

— detection  of,  in  presence  of 

iron  and  chromium,  187. 

— hydroxide,  159. 

— oxide,  157,  159. 

— fiuantitative  determina- 

tion of,  757. 

— separation  of,  from  chro- 

mium and  iron,  187. 

— silicate,  157,  380. 

— steel,  157. 

— sulphate,  168. 

Alums,  158. 

Amalgam,  234. 

— ammonium,  95. 

— electric,  234. 

— so<lium,  95. 


Amalgam,  tin,  214. 
Amalgamation,  gold,  219. 
Amber,  389. 

— oil  of,  389. 

American  peuuyroyal,  543. 

— turpentine,  480. 

— wormseed,  547. 

Amethyst,  157. 

Amianth,  380. 

Amides,  471. 

Amido-acetic  acid,  042. 
Amido-acet-plienetidiu,  471. 
Amido-benzeue,  695. 
Amido-succinamic  acid,  535. 
Amines,  471,  590. 

— analogues  of,  591. 

— constitution  of,  471. 
Amino-bases,  591. 

Ammonia,  94,  96. 

— acetate,  S . ^ g 

— benzoate,  2 ; 1 1 i ^ 

— carbonates,  o | E I j Ji 

— citrate,  S ® » 

— detected  by  Kessler’s  test, 

718. 

— fetid  spirit  of,  99. 

— gas,  composition  of,  96. 

— in  (Irinkiug  water,  718. 

— nitrate,  g . . S 

— oxalate, 

— phosphate,  3 g S '=  1 2 

— sulphate,  g ® ^ 

— preparation  of,  90. 

— solution  of,  90. 

— volcanic,  95. 

— volumetric  determination 

of  solutions  of,  716. 
Ammoniacal  liquor,  95. 

— salts,  sources  of,  94. 
Amvioniacum,  555. 

— and  mercury  plaster,  234. 
Ammonia!  liquor,  97. 

forlis,  97. 

— spinlus  Hromalicus,  99. 

— — fetulus,  99. 

Ammoniated  mercury,  244. 

varieties  of,  245. 

Amnonii  acetatis  liquor,  97. 

— bemoas,  100,  308. 

— bromidum,  100,  289. 

— carbonas,  98. 

— chloridum,  95. 

— citratU  liquor,  100. 

— phosphus,  100. 

— valerinnas,  399. 
Ammonio-chloride,  mercury, 

245. 

citrate,  iron,  174. 

cupric  sulphate,  231. 

nitrate,  silver,  204,  200. 

sulphate,  copper,  201,  8'20. 

magnesium,  779. 

— tartrate, iron,  170. 
Ammonium,  94. 

— acetate,  97,  320. 

— alum,  157. 

— aluminium  snlphale,  157. 

— amalgam,  90. 


Ammonium,  analytical  re- 
actions of,  104. 

— and  bismuth,  citrate,  259. 

— arsenate,  193. 

— aspartate,  380. 

— benzoate,  100,  308. 

— bicarbonate,  98. 

— bichromate,  183. 

— bromide,  100,  289. 

— carbamate,  98. 

— carbonate,  98. 

commercial,  98. 

solution  of,  98. 

— chloride,  95. 

— chloroplatinate,  105,  223. 

— citrate,  100. 

— cyanate,  370. 

— derivation  of  word,  26. 

— ferric  sulphate,  158. 

— ferrous  sulphate,  104. 

— fluoride,  375. 

— formate,  302. 

— hydrogen  tartrate,  105. 

— hydrosulphide,  102,  325. 

— hydroxide,  96. 

— hypophosphite,  377. 

— iodides,  104,  319. 

— magnesium  arsenate,  134. 
phosphate,  134,  300. 

— molylxlate,  301. 

— nitrate,  99,  305,  308. 

— nitrite,  383. 

— oxalate,  101. 

— persulphate,  335. 

— phosphate,  100. 

— potassium,  .sodium,  and 

lithium,  separation  of, 
110. 

— quantitalivedetermination 

of,  751. 

— salts,  source  of,  94. 

volatility  of,  105. 

— succinate,  380. 

— sulphate,  95. 

— urate,  397. 

— volumetric  determination 

of  carbonate  of,  718. 
Amumiim  nwlcgucla,  543. 
Amorplious  carbon,  337. 

— cinchona  alkaloid,  008. 

— meaning  of,  81. 

— phosphorus,  357. 

— sulphur,  823. 

j Amphicreatinine,  593. 

I Amrad,  573. 

' Amygdala  amnra,  515,  570. 

— dulcis,  515,  570. 
Amygdaliu,  570. 

Amyl,  acetate,  400. 

— alcohol,  benzolated,  .820. 

— alcohols,  397,  491. 

— nitris,  383,  407. 

— nitrite,  383,  407. 

— valerianate,  398,  407. 
Amylone,  452. 

— hydrate,  492. 

Amyloids,  505. 

Amylolytic  ferment,  042. 
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Amylopsiu,  642. 

Amylosos,  665. 

Amylnvi,  665. 

Amyric  acid,  554. 

Amyrin,  554. 

Anacyclus  pyrethnm,  653. 
Analogies  between  chlorine, 
bromine,  and  iodine,  2i)8. 
Analogy  of  carbon  and 
silicon,  SSO. 

— of  80(iium  and  potassium 

salts,  03. 

— of  nitrogen,  phospborns, 

arsonium  and  antimony, 
189,  862,  691. 

Analysis,  blowpipe,  408,  410. 

— gas,  394,  658. 

— gravimetric,  711,  746. 

— meaning  of  word,  42. 

— of  insoluble  substances, 

414,  rl  tetj, 

— of  medicines,  658. 

— of  salts,  406. 

— of  substances  having  un- 

known i)roportios,  050. 

— organic  (qualitative),  425. 

— proximate,  782. 

— c|uantitativo,  710. 

— 8i)ectmm,  281,  054. 

— systematic,  for  the  detec- 

tion and  separation  of  the 
metals,  100, 185, 155,  187, 
225,  209,  278. 

— ultimate,  782. 

— volumetric,  711,  712. 
AnalytiMl  chemists,  8. 

— detection  of  tlie  acid  radi- 

cals of  salts  soluble  In 
water,  400. 

— memoranda,  270. 

.1  namirla  po.niculata,  584. 
Anamirtin,  584. 

Aiu'hma  tincloria,  046. 
Ancliusin,  045. 

AtuHra  Araroln,  470. 
Andrographis,  509. 

— caulcs  cl  radix,  580. 

— paniculata,  689. 
Andropogon  citraius,  540. 

— nardus,  642. 

— schcenantlnis,  643. 
Anemone,  644. 

Anemonic  acid,  544. 
Anemonin,  644. 

Aneroid  barometer,  35. 
Auethol,  540. 

Augelate,  potassium,  540. 
Angelic  acid,  640. 

— powder,  207. 

Angelica,  650. 

Angostura  bark,  false,  010. 

true,  023. 

Angosturin,  023. 

Anhydride,  acetic,  319. 

— antimonic,  207. 

— arsenic,  198. 

— arseniotis,  190,  191. 

— boric,  303. 


Anhydride,  carbonic,  339. 

— chlorochromic,  185,  296. 

— chromic,  182,  184,  297. 

— molybdic,  361. 

— nitric,  808. 

— nitrous,  809,  811. 

— porsulphuric,  835. 

— phosphoric,  18,  858,  881. 

— phthalic,  476,  685. 

— silicic,  380,  888. 

— stannic,  215,  210. 

— sulphocarbonic,  843. 

— sulphuric,  881,  888. 

— sulphurous,  238,  828,  320. 

— thiocarbonic,  843. 
Anliydridos,  90,  319. 
Anhydrochromato,  potassi- 
um, 188. 

— silver,  207. 

Anhydrochromic  acid,  183, 
184. 

Anliydro-ecgonino,  015. 
Anhydrosulphites,  828. 
Anhydrous  arsenious  acid, 
190. 

— chromic  acid,  182,  184. 

— cupric  sulplialo,  280. 

— ferrous  chloride,  109. 

— ferric  chloride,  168. 

— salts,  90. 

— stannic  snlidiido,  218. 
Aniline,  470,  595. 

— blue,  050. 

— colours,  049. 

— green,  050. 

— red,  050. 

— yellow,  050. 

Animal  alkaloids,  598. 

— charcoal,  888. 

decolorizing  power  of, 

888. 

— rouge,  809,  040. 

— starcli,  670. 

Animals  and  plants,  comple- 
mentary action  of  air,  10. 
Anise-fruit,  540. 

Anise-oil,  540. 

Annatto,  646. 

Anode,  04. 

Anodyne,  Hoffmann’s,  501. 
Anogeissus  latifolia,  H73. 
Anthemen,  640. 

Anthemidis  flares,  540,  589. 
Antheinis  nobilis,  540. 
Anthion,  830. 

Anthracene,  475,  045. 
Anthracite,  214. 
Anthraquinone,  476. 
Antichlor,  827. 

Antidotes  to  alkaloids,  690. 

— antimony,  212. 

— arsenium,  171,  204. 

— barium,  115. 

— carbolic  acid,  603. 

— copper,  232. 

— cyanides,  804. 

— hydrochloric  acid,  287. 

— Iiydrocyanic  acid,  804. 


Antidotes  to  lead,  255. 

— mercury,  248. 

— nitric  acid,  312. 

— oxalic  acid,  840. 

— prussic  acid,  304. 

— salt  of  sorrel,  346. 

— silver,  208. 

— sulphuric  acid,  334. 

— tin,  218. 

— zinc,  147. 

Antifebrin,  471. 

Antimonial  poisoning,  anti- 
dotes, 212. 

— wine,  209. 

Antimonic  anhydride,  207, 
208. 

— chloride,  207. 

— oxide,  208. 

— .sulphide,  209,  211. 
Anlimonii  oxidiim,  207. 
Antimonious  chloride,  200. 

— oxide,  190,  207. 

— oxychloride,  207,  211. 

— salts,  analytical  reactions 

of,  210. 

— sulphide,  206,  209,  211, 

225,  cl  scq. 

Antimoniiim  nigrum  puriji- 
catum,  200. 

— sulphuratum,  209. 

— lartaraHim,  208. 

quantitative  determina- 

j lion  of  antimony  in,  701. 

! Anlimoniurettod  hydrogen, 
212,  227. 

Antimony,  189,  205. 

— analytical  reactions  of, 

‘210. 

— and  tin,  separation  of,  218. 

— antidotes  to,  212. 

— arsenium  and  tin,  analyti- 

cal .separation,, 225,  etseq. 

— black,  205. 

— bromide,  206. 

— butter  of,  200. 

— chloride,  200. 

solution,  200. 

— crocus,  200. 

— crude,  205. 

— derivation  of  word,  20. 

— from  arsenic,  to  dis- 

tinguish, 210,  el  scq.,  225. 

— glass,  200. 

— hydride,  212,  227. 

— in  organic  mixtures,  de- 

tection of,  050. 

— iodide,  200. 

— Marsh's  test  for,  211,  227. 

— oxides,  207,  208. 

— oxychloride,  207,  211. 

— oxysulpliides,  209. 

— pentachlorido,  207. 

— ])otassio-tarlrate,  208. 

— cpiantitativo  determina- 

tion of,  735,  701. 

— Ueinsch’s  tost  for,  211. 

— sulphide,  205,  20!',  211, 

225. 
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Antimony,  sulphur  salts  of, 
209. 

— sulphurated,  209. 

— tannate,  391. 

— tartarated,  208. 

— tetroxide,  208. 

— volumetric  determination, 

735. 

Antimonyl,  208. 

Antipyrin,  471. 

Antiseptic,  305,  503,  507,  530. 
Apatite,  303. 

Apocynum,  589. 

Apomorphinte  hydroclilori- 
dwni,  001. 

Apomorphine,  001,  032. 
Aporetin,  470. 

Apothecaries,  2. 

Apparatus,  xiv,  xv,  4. 

~ for  experiments,  xiv. 

— for  volumetric  analysis, 

713. 

— lists  of,  xiv. 

Apple-essence,  407. 

oil,  407. 

wine,  488. 

aviygdalo'  amara;,  577.  I 

— anethi,  539.  | 

— anisi,  539. 

— aurantii  floHs,  539,  541. 

— camphoroe,  548. 

— carui,  539. 

— chloroformi,  401. 

— cinnamomi,  539. 

— creosoH,  503. 

— destUkUa,  139.  1 

— Jutniculi,  539. 

— fortis,  308. 

duplex,  308. 

simplex,  308. 

— hydrogenii  dioxidi,  114. 

— laurocerasi,  302,  577. 

— menthre  piperitoe,  539. 

viridis,  539. 

— pimentce,  539. 

— regia,  225,  308. 

— rosce,  539,  545. 

— samhnci,  539. 

Arabic  acid,  573. 

Arabin,  127,  573. 

Arabinose,  558. 

Arachidic  acid,  527. 

Arachin,  515. 

Arachis,  515. 

— hypogrea,  515. 

— oii,  515. 

Araroha,  470. 

A rbor  Dianne,  208. 

Arbutin,  392,  578. 

Archil,  648. 

A rclium  lappa,  590. 
Arclostaphylos  nva  ■ursi’,578. 
Are,  30. 

Areca  catechu,  393. 

— nuts,  393. 

Arecaine,  393. 

Arecx)line,  893. 

Arekane,  393. 
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Areometers,  701. 

Argal,  347. 

Argent  - ammonium  - nitrate, 
206. 

Argenti  cyanidwn,  207. 

— iodidum,  207. 

— 7iitras,  205. 

induratus,  265. 

mitigatus,  205. 

— oiddum,  260. 

Argentic  chloriiie,  sulphide, 
etc.,  see  Silver  Salts. 
Argentiferous  galena,  203. 
Argentum,  28. 

Argol,  347. 

Argon,  20,  21,  26. 

Anstolochia,  014. 

— indica,  014. 

— serpentaria,  614. 
Aristolochin,  014. 
Aristolochine,  014. 

Armenian  bole,  04(i. 
Armoracice  radix,  540. 
Aniatto,  045. 

.4  riiicw  fiores,  5.50. 

— rhizmua,  550. 

Arnicin,  550. 

Arnotto,  045. 

Aromatic  alcohols,  501. 

— compounds,  430. 

— glycols,  605. 

— series  of  hydrocarbons, 

468. 

— sulphuric  acid,  332. 
Arrhenal,  369. 

Arrow  poison,  584. 
Arrowroot-starch,  508  (fig.). 
Arsenate,  ammonium,  li)3. 
magnesium,  134. 

— barium,  204. 

— calcium,  204. 

— copper,  203,  232. 

— iron,  171,  194,  205. 

— silver,  203,  207. 

— sodium,  193. 

methyl,  309. 

volumetric  determina- 
tion of,  731,  734. 

— zinc,  204. 

Arsenates,  193,  362. 

i Arsenic,  20,  190. 

— acid,  193. 

— and  arsenical  solutions, 

volumetric  determina- 
tion of  olllcial,  738. 

— anhydride,  193. 

— antidotes  to,  171,  204. 

— derivation  of  word,  20. 

— in  potassium  carbonate, 

solution  of,  191. 

— in  hydrochloric  acid,  solu- 

tion of,  192. 

— odour  of,  192. 

— sulphide,  202. 

— white,  190,  191. 

acid  solution  of,  192. 

alkaline  solution  of, 

191. 


Arsenical  ores,  190. 

— poisoning,  antidote,  204. 

— sulphur,  202. 

Arsenicum,  20,  192. 

Arsenide  of  cobalt,  152. 

— hydrogen,  198. 

Arsenii  iodidum,  190. 
Arsenio-sulphide,  cobalt,  152. 

— iron,  190. 

— nickel,  154. 

Arsenious  acid,  190,  191. 

— aidiydride,  190,  191,  196. 

— chloride,  197. 

— iodide,  190. 

— oxide,  190. 

— sulphide,  201,  212,  225,  et 

scq. 

Arsenite,  cupric,  203,  232. 

— potassium,  191. 

— silver,  203. 

— sodium,  191,  193. 
Arsenites,  191. 

Arsenium,  20,  189,  190,  192. 

— analytical  reactions  of, 

195. 

— and  phosphorus, similarity 

of  compounds,  194. 

— antidotes,  171,  204. 

— antimony  and  tin,  analyti- 

cal separation  of,  225,  H 
seq. 

— arsenious  and  arsenic 

compounds,  193, 201 , 204. 

— Berzelius’s  test  for,  195. 

— Bettendorfl’s  test,  201. 

— chloride,  197. 

— detection  of,  in  metallic 

copper,  197. 

of,  in  organic  mixtures, 

650. 

— Pleitmann’s  test  for,  200. 

— from  antimony,  to  distin- 

guish, 213,  et  seep,  225. 

— hydride,  198,  227. 

— iodide,  190. 

— Marsh’s  test  for,  197,  227. 

— molecular  weiglit  of,  190. 

— (luantitative  determina- 

tion of,  759. 

— red  native  sulphide  of, 

190. 

— reduction  of  arsenic  to 

arsenious  compounds, 
193,  202,  204. 

— Reinsch’s  test  for,  190. 

— sources  of,  190. 

— sulphides,  lilO,  '201,  202, 

212,  225,  et  seq, 

— yellow  native  sulphide, 

190. 

Arseidurettcd  hydrogen,  198, 
227. 

Arsines,  591. 

Art  of  chenustry,  2. 
Artemisia  absinthium,  570. 

— maritima,  547,  586. 
Artillclal  alkaloids,  594-590. 
Aseejrtieiee,  555. 
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Afogra’n  offirhialis,  i!31. 
Asbnstos,  SSO. 

— platinizocl,  381. 

Afcidia,  !t7b. 

Asclcpecliii,  i)80. 

Andrjntis  tvlicnifo,  5S‘.l. 
Aselliiie,  516. 

A.soiitol,  4UV. 

Ash,  in. 

— black-,  8!>. 

— bone-,  133. 

— soda-,  SP. 

Asparagiii,  880,  585. 
Asiiarbito,  ammonium,  880. 
Aspidinol,  515. 
Aspidospermino,  014. 
Asplialle,  555. 

Aspirin,  581. 

Asymmetric  carbon  atoms, 
848. 

-ate,  meaidnt;  of,  T5,  Tik 
Alecs,  014. 

Ati'esine,  014. 

Alls,  014. 

Atmosphere,  a<|noons  vapour 
in,  20. 

— carbonic  anliydride  in,  20, 

889. 

— composition  of,  20. 

— minor  constitnenls,  20. 

— idtroHcn  in,  18,  20. 

— oxygen  in,  10,  20. 

— ozone  in,  294. 

Atmosidioric  iiressnre,  mea- 
surement of,  85. 

.\tomic  heat,  51. 

— - j)roportlons,  45,  235. 

— symlKjls,  05. 

— tlieory,  44. 

— wedghts,  44,  47,  807. 

as  indicated  by  : — 

demsities  of  gases  and 
va])Olirs,  48,  H scry. 
s|)ecilic  licats,  51. 
Atomicity,  57. 

Atoms,  44,  el  scry. 

— conception  of,  44. 

— linkage  of,  431,  473. 

— nascent,  06. 

— (inantivaience  of,  67. 
Atropa  helladonna,  014. 
Atropia,  014. 

Atropina,  014. 

AlrojrincB  sulphas,  010. 
Atropine,  594,  014,  032. 

— acidmaiate,  014. 

— sullihate,  016. 

— synthesis,  016. 

Attar  of  rose,  544. 

Aurantii  cortex  indicus,  540, 

689. 

recens,  640. 

siccatus,  640. 

Auric  chloride,  220. 

— — solution  of,  220. 
Aurijngmenlum,  190. 
Aurous-anric  sididiide,  220. 

A II mm,  27. 


Australian  kino,  392. 
Avignon  grains,  044. 
Avogadro's  Hypothesis,  •15. 
Azadiraeh  Indian,  589. 
Azadirachtn  Indica,  589. 
AzadirachUc  cortex  ct  folia, 
689. 

Azobenzene,  471. 

Azoimide,  593. 

Azoxy benzene,  471. 


llabool,  898. 

Ilariliiis  aridi  lactiei,  378. 
liacteria,  480. 

Itaeterium  mjieodermi,  818. 
llael  fruit,  674. 

— nuicilage,  574. 

Hahia  iiowrier,  470. 

ISakas,  081. 
ilaking-powder,  508. 

Ualancc,  097. 

Ualloons,  coai-gas  for,  l(i. 

— hyrinjgen  for,  10. 
Haim-of-Gilead  Hr,  555. 
llalsam,  Canada,  480,  555. 

— co|)aihu,  554. 

— Onrjnn,  554. 

of  IVrn,  870,  588,  549. 

— of  toln,  870,  .538,  549. 
Halmvindendrim  murrha,  550. 
liai.sams,  549. 

Ilalsamum  penirianum,  533, 
54!). 

— tnlutaiiuui,  588,  549. 
Jiaphia  uitida,  045. 
ilajrtin,  017. 

Jlaptima  tiiietoHa,  017. 
liairtisin,  017. 

Dairtitoxine,  017. 

Bar  (wrought)  iron,  102. 
Barbadorrs  aioes,  477. 
Barbaioin,  477. 

Barberry,  indian,  018. 

Baric  chioriile,  nitrate,  etc., 
sec  Barium. 

Ilarii  dioxidum,  114. 
Barium,  11.8. 

analytical  reactions  of, 
114. 

— strontium  and  calcium, 

separation  of,  from  mag- 
uesinm,  130. 

— antidotes  to,  116. 

— arsenate,  204. 

— bichromate,  1.S5. 

— carbonate,  115. 

native,  118. 

— chloride,  113. 

— chromate,  114,  185. 

— derivation  of  word,  20. 

— detection  of,  in  presence 

of  strontium,  caicium, 
and  magnesium,  130. 

— flame,  115. 

— ^ liydrogen  phosi>hate,  115, 
802. 

— liydroxido,  1 1.8. 


Barium,  hypophosphite,  377. 

— nitrate,  113. 

— oxalate,  115. 

— oxide,  113. 

— peroxide,  113. 

— persulphate,  830. 

— phosphate,  302. 

— quantitativodetermination 

of,  752. 

— salts,  antidote  to,  115. 

— sulphate,  113,  114,  329,  333. 

— sulphide,  113. 

— sulphite,  329. 

— sulphocarbolate,  504. 

— tungstate,  049. 

Barley,  husked,  500. 

— ])earl,  500. 

— starch,  600,  508  (lig.). 

— sugar,  603. 

Barometer,  85. 

Barwood,  545,  040. 

Baryta,  113. 

water,  113. 

Basalt,  157. 

Bases,  acidity  of,  01. 

— classes  of,  58. 

— orgaidc,  5i)0. 

— imoiierties  of,  69. 

Basic  cliaracler,  01. 

— salts,  01. 

Basicity  of  acids,  01,  283. 
Bas-sorln,  128,  573. 

Bastard  sall'ron,  040. 

Bath  brick,  380. 

Bauxite,  157. 

Bay  oil,  543. 

— -rum,  487. 

— -salt,  86. 

Bean,  Calabar,  027. 

— St  Ignatius's,  010. 

— Tonka,  534. 

Beane’s  ozone  generator,  294. 
Bearberry,  392,  578. 
Beaver-tree,  690. 

Bebeeru  bark,  017. 

— wood,  017. 

Boberino,  017. 

— sulphate,  017. 

Bebirine,  017. 

Boer,  488,  672. 

Beeswax,  493. 

Beetroot,  601. 

Behenic  acid,  627. 

ISelai  fnictus,  674. 

Belladonna,  014,  025. 

— Japanese,  010. 

JJelladonna:  folia,  014. 

— radix,  014. 

Bell-molal,  214. 

Bend  glass  tubes,  to,  0. 

Benue  oil,  610. 

Benzaconine,  018. 
Bonzaldehyde,  308,  472,  504, 
529. 

— cyanhydrin,  577. 

Benzene,  808,  409. 

— addition  compounds,  474. 

— (ii-derivalives  of,  474. 
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Benzene,  formation  from 
acetylene,  4.')0. 

— formula  for,  473. 

— hexachloriile,  473,  474. 

— meta-disulphonicacid,  r>05. 

— mono-derivatives  of,  473. 

— ring,  473,  500. 

— series  of  hydrocarbons, 

408. 

constitution  of,  473. 

— sulphonic  acid,  495,  501 

— tri-derivatives  of,  474. 
Beuzin,  440,  409. 

Benzine  Collas,  470. 

Benzoate,  ammonium,  100, 

308. 

— ferric,  308. 

— sodium,  308. 

Beuzoated  lani,  513. 

— suet,  513. 

Benzoates,  307. 

— tests  for,  309. 
Benzodichloride,  370. 

Benzoic  acid,  307,  504,  529. 
Benzoin,  307,  370,  549. 

— Siam,  532. 

Btnzoinum,  307,  549. 

Benzoi,  409. 

Benzol,  409. 

Benzolated  amyl  alcohol,  789. 
Benzolin,  440,  409. 
Benzotrichloride,  308,  472. 
Benzoyl  chloride,  529. 

— ecgonine,  021. 

— methyl  ecgonine,  021. 

— pseudo-tropeine,  021. 

— sulphonic  imide,  491i. 
Benzyl  alcohol,  504,  .533. 

— benzoate,  307,  533. 

— chloride,  472. 

— cinnamate,  533. 
Benzylidene  chloride,  472. 
Berbamine,  018. 

Berberine,  018. 

— acid  sulphate,  018. 

— periodide,  019. 

Berheris,  018. 

— aristata,  618. 

— cortex,  618. 

— vvlgaris,  018. 

Bergamot  juice,  351. 

— oil,  .540. 

Bergapten,  541. 

Berlin  blue,  048. 

— red,  640. 

Berzelius's  tube,  195. 
Beryllium,  see,  Glucinum. 
Bessemer  steel,  102. 

Betaine,  694. 

Beta-naphthol,  475. 

Betel,  893. 

BettendorlTs  test  for  arseni- 
um,  201. 

Jletvln  lenla,  532. 

Bhang,  551. 

Bi-,  the  prefix,  74. 

Bibasic,  see  Dibasic. 

Bibirine,  017. 


Bibiru  bark,  017. 

Biborate,  .sodium,  304. 
Bibulous  paper,  120. 
Bicarbonate,  ammonium,  98. 

— calcium,  342. 

— potassium,  73. 

— sodium,  87. 

chemically  pure,  715. 

lozenges,  89. 

Bichloride,  mercuiy,  239. 
Bichromate,  ammonium,  188. 

— potassium,  183. 

standard  solution  of, 

730. 

Bikh,  014. 

Bile,  042. 

— detection  of,  in  urine,  075. 

— tests  for  presence  of,  043. 
Biliary  calculi,  689. 
Bimeconate,  morphine,  597. 
Bioses,  558,  561. 

Birch  oil,  631. 

Bish,  614. 

Bismuth,  250. 

— analytical  reactions  of,  259. 

— and  ammonium  citrate, 

solution  of,  259. 

— and  potassium  iodide,  607. 

— bromide,  258. 

— carbonate,  259. 

— citrate,  259. 

— derivation  of  word,  20. 

— glance,  250. 

— liydroxide,  200. 

— hydro.\'ynitrate,  258. 

— iodide,  268. 

— lozenge,  258. 

. — nitrate,  257. 

— ochre,  250. 

— oxide,  250,  258. 

— oxynitrate,  257,  049. 

— oxysalts,  257. 

— quantitative  determina- 

tion of,  708. 

— salicylate,  259. 

— salts,  composition  of,  258, 

259. 

teat  for  calcium  phos- 
phate in,  200. 

— subcarbonati!  or  oxycur- 

bonate,  257,  259. 

— subnitrate,  257. 

— sulphate,  258. 

— sulphide,  256,  200. 

Bismulhi  curhonas,  259. 

determination  of  bis- 
muth in,  800. 

— oxidvm,  258. 

— salicylns,  259. 

— subiiitras,  257. 

Bismuthyl,  2.59. 

Bisulphide,  (carbon,  343. 
Bisulpliite  of  lime,  328. 

— sodium  328. 

Bitartrate,  i)Otnssium,  82. 
Bitter  almonds,  oil  of,  308, 

539,  677. 

water  of,  302. 


Bitter  cassava,  50(i. 

— orange-rind  oil,  540. 

— -sweet,  029. 

Bittern,  288. 

Bituminous  coal,  21 1. 

Biuret  reaction,  073. 
Bivalence,  67. 

Bivalent  radicals,  58. 

Bixa  Orellana,  045. 

Bixin,  046. 

Black  alder  bark,  476. 

antimony,  205. 

ash,  89. 

baud  ironstone,  101. 

— bone-,  337,  049. 

— cherry  bark,  578. 

— colouring  matters,  049. 

— “ drop,"  319. 

— dyes,  649. 

— flux,  192. 

— haw,  590. 

— hellebore,  582. 

— ink,  181,  049. 

— ivory,  649. 

— lamp-,  337,  649. 

lead,  24,  338,  049. 

— oxide,  copper,  229. 

iron,  102. 

manganese,  148,  286. 

mercury,  243. 

— - pepper,  028. 

— platinum,  223. 

— snake-root,  689. 

— sulphur,  323. 

— wash,  243. 

Blackberry,  high,  393. 
Bladder  green,  04,8. 

Blanc  dc  I’erle,  258. 

Blast  furnace,  101. 

Blaud’s  pill,  100. 

Bleaching  by  chlorine,  23,  313. 
liquor,  120. 

— powder,  125. 

— salts,  313. 

Blende,  140. 

Blistering  collodion,  575. 
Block  tin,  214. 

Blood,  035. 

— absorption  spectrum,  054. 

— composition  of,  035. 

— corpuscles,  035. 

— detection  of,  in  urine,  075, 

085. 

— hydrocyanic  acid  in  the, 

304. 

— plasma,  035. 

— rout,  029. 

Blowpipe  analysis,  408,  410. 

Maine,  145. 

Blue  cohosh,  589. 

— colouring-matters,  047. 

— copperas,  104,  229. 

— Mag,  689. 

— gum  tree,  392. 

— indigo,  047. 

— iitrnus  paper,  101. 

— ointment,  234. 

— pill,  234. 
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Blue,  rrussian,  181,  303, 

373,  048. 

— .stone,  220. 

— TurnbuH's,  ISO,  374,  G4S. 

— vitriol,  104,  220. 

“Boiled  oil,”  516. 
Boiling-point,  dellnition  of, 

008. 

— (letennination  of,  004. 
Boiling-points  of  various  sub- 

stanc(-s,  004. 

Boldine,  541. 

Boldo  oil,  641. 

Bonds,  481. 

Bonduu  seeds,  689. 
liunihurlltK  Scmt7i(i,  689. 
Bom^-asli,  123,  859. 

black,  888,  049. 

— -earth,  123,  360. 

— -oil,  696. 

Bones,  composition  of,  123, 
850. 

Boneset,  689. 

Boracic  aci<l,  803. 

Borate,  glyci-ryl,  .800. 

— imuigani'si',  1.60. 

Borates,  803. 

— analytical  reactions  of, 

806. 

Borax,  303,  8i!4. 

— l)ead,  160. 

— volumetric,  determination 

of,  719. 

Bordeaux  turpentine,  480. 
Boric  acid,  803. 

as  an  aiili.septic,  306, 

080. 

— aidiydride,  803. 

Borneene,  648. 

Borneo  camphor,  648. 

Bormiol,  648. 

Boron,  808. 

— chloride,  808. 

— derivation  of  word,  20. 

— fluoride,  303. 

Borotartrate,  i)otassiuin,  305. 
Jlos  /(iiinis,  042. 

JlnswHlin,  667. 

Botany  Bay  kino,  392. 
Bounhjn  barometer,  36. 
Boyle’s  law,  80. 

Brandy,  488. 

Brass,  140. 

Jlrassica  tdha,  494. 

— jniicm,  495. 

— 7iigra,  494. 

Brazil  powder,  470. 

— wood,  045. 

Bread,  603. 

— aerated,  503. 

— alcoliol  in,  485. 

— -making,  503. 

Breidin,  664. 

Brezilin,  045. 

Bricks,  887. 

Briglit's  disease,  074. 

Britannia  metal,  200,  214,240. 
British  gum,  670. 


Bromal,  525. 

— alcoholates,  626. 

— hydrate,  625. 

Bromato  potassium,  70. 
Bromates,  200,  817. 

— detection  of,  in  bromides, 

290. 

Bromic  acid,  70,  317. 
Bromide,  ammonium,  100, 
280. 

— antimony,  200. 

— bismuth,  2.68. 

— cadmium,  201. 

— ethyl,  458. 

— ferrous,  108. 

— hydrog(m,  288. 

— iron,  108. 

— phosphorus,  288,  868. 

— potassium,  70,  280. 

volumetric  determina- 
tion of,  780. 

— silver,  207,  200. 

— .sodium,  !I2,  280. 

— starch,  201. 

— sulphur,  820. 

— zluc,  148. 

Bromides,  288. 

— analytical  reactions  of,  200. 

— detection  of  bromates  in, 

200. 

— quantitative  analysis  of, 

770. 

— sc|)aration  of,  from  chlo- 

riiles  and  iodides,  206. 
Bromine,  288. 

— analytical  separation  of, 

200. 

— chloride,  290. 

— derivation  of  word,  20. 

— its  analogy  to  chlorine  and 

iodine,  208. 

— solution  of,  289. 

— specillc  gravity,  208. 

— volumetric  determination 

of  free,  770. 

Bromoform,  402. 

Bronze,  214. 

— alumiidum,  167. 

— coinage,  229. 

— leaf,  218. 

Bronzing-powder,  218. 

Broom -tops,  029. 

Brown  colouring-matters, 040. 

— hicmatlte,  101. 

— resin,  660. 

— sugar,  601. 

Brucia,  012. 

Brucine,  012. 

— distinction  from  morphine, 

012. 

Brunswick  green,  203. 
Biyoidin,  654. 

JIuchu  folia,  541,  689. 

Buchu  oil,  641. 

Buckthorn  green,  048. 

— -juice,  670. 

“ Bumping,”  801. 

Bunsen  gas-burners,  16. 


I Burdock,  600. 

Burgundy  pitch,  662. 
Burners,  gas-,  15. 

Burnett’s  disinfecting  fluid, 
142. 

Burnt  ochre,  040. 

— sugar,  604,  049. 

— umlKir,  049. 

Butane,  445. 

— .synthesis  of,  441. 

Itutca  Jmtdosa,  392. 

Jjuteie  gtmmi,  392. 

— seminu,  589. 

Butter,  614,  030. 

— of  antimony,  200. 

— of  cacao,  513. 

— of  cocoa,  513. 

— of  koknm,  514. 

— of  oiTis,  644. 

Butyl  alcohol,  809,  491. 

chloral,  526. 

hydras,  626. 

hydrate,  626. 

Butylene,  4.62. 

Butyrate,  cupric,  800. 

- ethyl,  407. 

Butyrates,  800. 

Butyric  acid,  899,  620. 

— aldehyde,  641. 

Butyrone,  637. 

Buxiue,  017. 

Jluxxis  scm}iervimis,  017. 
By-products,  238. 


Cabbage-rose  petals,  04lh 
Cacao-butter,  613. 

Cacodyl  oxide,  809. 
Cacodylate  ferric,  800. 

— sodium,  809. 

Cacodylic  acid,  309. 
Cadaverino,  694. 

Cade,  oil,  666. 

Cadet’s  fuming  liquid,  300. 
Cadinono,  479,  543. 
Oadmium,  201. 

— analytical  reactions  of, 

201. 

— bronddo,  201. 

— chloride,  201. 

— derivation  of  woid,  2C. 

— hytiroxide,  202. 

— iodide,  201. 

— oxide,  202. 

— suiphido,  201,  202. 
Ciesalpi'iiia  botidvcella,  580. 

— brasilicnsis,  046. 

— sappan,  045. 

Ciesium,  807. 

Caffeina,  019. 

Ctlffei  me  citras,  010. 

cffcrvcsccns,  010. 

Caffeine,  010. 

— citrate,  010. 

— physiological  action  of, 

020. 

— relation  to  thee  bn  mine, 

02P. 


Caffeiue,  synthetic,  630. 
Cajuputene,  541. 

Cajuput  oil,  541. 

Cajuputol,  541. 

Caking  coal,  214. 

Calabar  bean,  627. 

Calamina  prceparata,  144. 
Calamine,  140. 

— prepared,  144. 

Calamus  d raco,  552. 
Calcareous  precipitated  sul- 
phur, 324. 

Calcic  sulphate,  phosphate, 
etc.,  see  Calcium. 

Calcii  carbonas  prccipitatus, 
120. 

— chloridum,  IIS. 

— hydras,  119. 

— hypophosphis,  376. 

— phosphas,  123. 

— sulphas  exHccatus,  117. 
Calcined  magnesia,  133. 
Colds,  liquor,  119. 

saccharatus,  119. 

Calcium,  117. 

— acetate,  318. 

— analytical  reactions  of, 

128. 

— arsenate,  204. 

— bicarbonate,  342. 

— bisulphite,  328. 

— carbide,  128,  455. 

— carbonate,  117,  120,  339. 

— chloride,  117. 

removal  of  iron  from,  118. 

— citrate,  352,  354. 

— derivation  of  word,  26. 

— flame,  129. 

— fluoride,  117,  374. 

in  bones,  123. 

— guinmate,  127. 

— hydroxide,  119. 

— hypochlorite,  125. 

— hypophosphite,  376. 

— in  presence  of  barium, 

strontium,  and  magnes- 
ium, detection  of,  136. 

— lactate,  379. 

— lactophosphate,  370. 

— malate,  379. 

— meconate,  380. 

— metagummate,  573. 

— oxalate,  345. 

— oxide,  118. 

— phosphate,  117,  123,  356. 
acid,  360. 

— polysulphidc,  324. 

— quantitative  determina- 

tion of,  754. 

— santonate,  585,  586. 

— silicate,  117,  88ti. 

— strontium,  and  barium, 

separation  from  inagnes- 
iuiii,  136. 

— sulphate,  117,  128,  829. 
in  precipitated  sulphur, 

324. 

— sulphide,  126. 
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Calcium,  sulphite,  328. 

— tartrate,  347,  350. 

— thiosulphate,  324. 
Calc-spar,  117. 

Calculi,  urinary,  669. 

examination  of,  687. 

Calendula  officinalis,  580. 
Calendulin,  580. 

Caliche,  306. 

Calomel,  240,  246,  287. 

— test  for  corrosive  subli- 

mate in,  240. 

Calotrojiis,  580. 

— gigantca,  580. 

— procera,  589. 

Calumba  root,  618. 

Calnmbce  radix,  618. 

Calx,  119. 

— chlorinate,,  125,  313. 

— s^Uph^Lrata,  127. 

Cambogia,  566. 

— Indica,  55U. 

Camphene,  479. 

Camphor  Borneo,  548. 

— Dutch,  647. 

— Formosa,  547. 

— hydrous,  548. 

— laurel,  647. 

— oil,  548. 

— water,  548. 

Camphora,  547. 

Camphoric  acid,  648. 
Camphoronic  acid , 548. 
Camphors,  647. 

Cam-wood,  645. 

Canada  balsam,  480,  655. 
Canadian  hemp,  589. 

— moonseed,  618. 

— turpentine,  480. 
Candle-flame,  composition  of, 

15. 

Canelke  cortex,  689. 
Cane-sugar,  669. 

Cannabene,  551. 

Cannabin,  660. 

Cannabinine,  651. 

Cannabis  indica,  541,  550. 
oil  of,  560. 

— sativa,  651. 

Cantharides,  vinegar  of,  319 
Cantharidic  acid,  549. 
Cantharidin,  648. 

Canlharis,  648. 

Caoutchin,  547. 

Cu/mtchouc,  547. 

Capacity,  unit  of,  30. 
Capillary,  692. 

Capric  acid,  627. 

Caproate,  glyceryl,  514. 
Caproic  acid,  614,  527. 
Caprylate,  glyceryl,  514. 
Caprylic  acid,  614,  627. 
Capsaicin,  620. 

Capsid  fructus,  653,  620. 
Capsicin,  653. 

Capsicine,  620. 

— hydrochloride,  620. 

— sulphate,  620. 
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Capsicum  fruit,  553,  020. 

— — resin  of,  551. 

— oil,  615. 

Caramel,  564,  649. 
Caraway-oil,  642. 

Carats  line,  219. 

Carbamate,  ammonium,  98. 

— ethyl,  528. 

Oarbamic  acid,  528. 
Carbamide,  528. 

Carbamines,  519. 

Carbazotic  acid,  604,  645. 
Carbide,  calcium,  128,  465. 
Carbinol,  482. 

— methyl,  485. 

Carbinols,  481. 

Carbo  ligni,  338. 
Carbohydrates,  657. 
Carbolatos,  603. 

Carbolic  acid,  601. 

antidote  to,  503. 

Carbon,  24,  337. 

— bisulphide,  343. 

— combustion  of,  25. 

— compounds,  chemistry  of, 

423. 

— derivation  of  word,  26. 

— disulphide,  343. 

— monosulphide,  343. 

— monoxide,  see  carbonic 

oxide. 

— nucleus,  434. 

— oxychloride,  460. 

— quantitative  determina- 

tion of,  in  organic  com- 
pounds, 782,  et  scq. 

— siUcide,  389. 

— tetrachloride,  457. 
Carbonate,  ammonium,  98. 
solution  of,  98. 

— barium,  113,  115. 

— bismuth,  259. 

— calcium,  117,  120,  339,  341. 

— hydrogen,  339. 

— iron,  164. 

saccharated,  165. 

— lead,  250,  256. 

— lithium,  106. 

— magnesium,  130,  131,  134, 

343. 

— potassium,  68. 

acid,  73. 

— sodium,  85,  89. 

acid,  87. 

chemically  pure,  715. 

manufacture  of,  89. 

— strontium,  116. 

— zinc,  140,  143. 
Carbonates,  337. 

— analytical  reactions  of, 

340. 

— detection  of,  in  presence 

of  sulphites  or  thiosul- 
phates, 341. 

— gravimetric  determination 

of,  776. 

— volumetric  determination 

of  alkaline,  720. 
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Carhond  Bisulphidum^  843. 
Carbonic  acid,  74,  337,  628. 

— — gas,  25. 

— anhydride,  26,  339. 

— generation  of,  73. 

solubility  of,  in  water, 

839. 

specific  gravity  of,  341. 

— oxide,  25,  840,  845,  840, 

873. 

Carhonis  lUsvlphidum,  343. 
Carbonization,  111. 

Carbonyl,  482. 

— clilorldn,  400. 
Carborundum,  889. 

Carboxyl  group,  442,  482. 
Carburetlcd  hydrogen,  light, 

444. 

heavy,  452. 

CanUimomi  semina,  541. 
Cardamom-oil,  541. 

— greater,  543. 

— lesser,  541. 

Cnrlcn  paptiyn,  020,  041. 
Carmine,  809. 

Carminlc  acid,  809. 

Carnaulxi  wax,  498,  620. 
Carnallite,  07. 

Carnino,  594. 

Carolina  yellow  jasmine,  024. 
Caro’s  acid,  880. 

Cari>alne,  020. 

Carrageen  moss,  578. 
Carrotin,  045. 

Carthamin,  040. 

Cfirthamus  tinctnrius,  040. 
(’and  fructus,  542. 

Carum  ajowan,  580. 

— cnpUcum,  589,  640. 
Carvacrol,  540. 

Carvono,  542. 

Carvol,  542. 

Carvono,  642,  644. 
Caryophyllene,  470,  542. 
Ciiscara  eagmda,  470. 
Cascarilla-oll,  642. 

Cascnrilla,  642. 

Cascarillin,  589. 

Casein,  030. 

Casein,  vegetable,  037. 
Caseinogen,  085. 

Cassava,  bitter,  500. 
Cassia-oil,  642. 

Cassim  pu’.pa,  501. 

Cassius,  purple  of,  221. 
Cast-iron,  102. 

Castile  soap,  511. 

Cnstilloa  dastica,  547. 

Castor,  561. 

— fiber,  651. 

— oil,  610. 

Castorin,  651. 

Catechin,  392. 

Catechu,  392,  049. 

— nigrum,  892. 

Catechuic  acid,  892. 

Cathartic  acid,  578. 
Cathartogenic  acid,  579. 


Cathode,  04. 

Caulophyllum  7'liaUctroidcs, 
689. 

Caustic,  205. 

— alcohol,  490. 

— lime,  118. 

— lunar,  206. 

— mitigated,  205. 

— points,  206. 

— potash,  08. 

— soda,  80. 

— touglionod,  205. 

Cayenne  pepper,  020. 
Cedra-oil,  641. 

Celandine,  029. 

Celestine,  110. 

Cellulin,  674. 

Celluloid,  575. 

Cellulose,  674. 

— of  starch,  608. 

Cements,  887. 

Centesimal  composition,  54. 
Centtare,  81. 

Centigrade  thermometer,  84. 
Centigramme,  31. 

Centimetre,  81. 

Cephaeline,  020,  024. 

Ccphiclis  ipccacuiuitm,  020. 
Cera  alba,  498. 

— fiava,  498. 

Corasin,  678. 

Cerate  Goulard's,  251. 

Cerates,  090. 

Ceresino,  498. 

Cerii  or, alas,  188. 

Corito,  188. 

Cerium,  188. 

— derivation  of  word,  20. 

— oxalate,  188. 

— potassium  sulphate,  189. 
Ceroloine,  493. 

Cerotic  acid,  447,  520,  527. 
Coryl  alcohol,  493. 

— cerotate,  498. 

Cdaceum,  493. 

Cetine,  493. 

Cdraria  ialandica,  570. 
Cetraric  acid,  809. 

Cetyl  alcohol,  493. 

— hydroxidi!,  498. 

— palmitato,  498. 

Cevadilla,  031. 

Cevadilline,  031. 

Cevadine,  020,  031. 

Ceylon  “ moss,"  573. 
Chalcedony,  880. 

Chalk,  117,  049. 

— French,  049. 

— precipitated,  120. 

— lirepared,  122. 

— stones,  089. 

Chalybeate  water,  Kil. 
Chamber  crystals,  330. 

— l)rocos3  for  sulphuric  acid 

manufacture,  880. 
Chameleon,  mineral,  149. 
Chamomile  flowera,  540. 

— -oil,  540. 


Char,  111. 

Charas,  661. 

Charcoal,  24,  337. 

— animal,  338. 

decolorizing  power  of, 

338. 

— wood,  838. 

Charles’s  law,  37. 

Vharta potassi  vitlraUs,  306. 

— sinapis,  495. 

Chartreuse,  488. 

Chattlau,  023. 

Chaulmoogra  oil,  510. 
Chaulumgra,  610. 

Chavica  offlcinarim,  628. 
Chavicic  acid,  029. 

Chavicol,  893. 

Chebulic  myrobalans,  890. 
Choo.se,  030. 

— poison,  694,  007. 
Cholorythriuo,  029. 
Chdidonium,  029. 

Ohemical  action,  illustratiou 
of  by  symbols,  65,  09. 

— afllnity,  42. 

— changes,  40. 

characteristics  of,  40. 

disajjpearanco  of  i)ru- 

perties  during,  40. 

equations  and  diagrams 

representing,  09. 

heat  given  out  or  ab- 
sorbed during,  41. 

take  place  between  deli- 

nito  quantities  of  sub- 
stances, 42. 

— combination,  laws  of,  42. 

by  volume,  laws  of,  43. 

by  weight,  laws  of,  42. 

dilfereiit  from  mechani- 
cal mixture,  26,  41. 

— compound,  26,  40. 

dellnitiou  of,  41. 

— diagrams,  50,  09. 

— eciuations,  56,  09. 

— formuIiE,  63. 

— notation,  61,  el  scq. 

— philosophy,  principles  of, 

40,  et  scq. 

— ijroparations  of  the  British 

Pharmacopoeia,  091. 

— reagents,  xv. 

— symbols,  62. 

— toxicology,  054. 

Chemicals,  lists  of,  xvi. 
Chemist  and  Druggist,  2. 
Chemistry,  art  of,  2. 

— definition  of,  40. 

— derivation  of  the  word,  2. 

— object  of,  1. 

— of  carbon  compounds,  423. 

— organic,  423. 

— science  of,  2. 

Chemists,  analytical,  8. 

— consulting,  8. 

— manufacturing,  8. 

— pharmaceutical,  3. 
Chenopodium,  547. 
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Clierrj’-laurel  water,  302,  577. 

— sugar  in,  559. 

— -tree  gum,  573. 

— wild  black,  578. 
Chestnut-brown,  049. 

Chian  turpentine,  480. 
Chicory,  670. 

Chili  saltpetre,  300. 

— nitre,  300. 

CMmaphila  nmbellata,  578. 
China  clay,  387. 

Chinese  green,  048. 

— moss,  573. 

— red,  045. 

— wax,  493. 

— white,  049. 

— yellow,  044. 

Chinoidine,  60S. 

Chinoline,  595. 

Chirata,  383. 

Chiratin,  384. 

Chiratogenin,  384. 

Chiretta,  383. 

Chloral,  522. 

— alcoholates,  522,  525. 

— butyl,  525. 

— croton,  525. 

— hydras,  523. 

— hydrate,  523. 

— — determination  of,  524. 
Chloralose,  525. 

Chlorate,  calcium,  314. 

— IX)ta.ssium,  314. 

preparation  of  oxygen 

from,  5. 

— .sodium,  315. 

Chlorates,  314. 

— analytical  reactions  of,  315. 
Chloraurate,  sodinm,  220. 
Chlorauric  acid,  220. 
Chloretone,  491. 

Chloric  acid,  120,  314. 
Chloride,  acetyl,  319. 

— aluminium,  1.58. 

— ammonium,  95. 

— antimony,  200. 

— arsenium,  197. 

— auric,  220. 

— barium,  113. 

— boron,  363. 

— bromine,  290. 

— calcium,  117. 

— chromic,  182. 

— chromyl,  185,  290. 

— cobalt,  152. 

— detection  of.  In  presence  of 

bromide  or  iodide,  290. 

— ethylene,  452,  453. 

— ferric,  108. 

— ferrous,  107,  169. 

— gold,  220,  067. 

— iridium,  607. 

— iron,  107,  168,  ct  seq. 

— lead,  252,  253. 

— lime,  125. 

— magnesium,  130. 

— manganese,  148. 

— mercuri-ammonium,  245. 


Chloride,  mercuric,  239. 

— mercuros-ammouium,  247. 

— mercurous,  240,  240. 

— methyl,  458. 

— nickel,  154. 

— nitro.syl,  309. 

— palladium,  607. 

— phosphorus,  319,  357. 

— platiuic,  222. 

— platinum  and  am-5  i , 

monium  oS 

and  lithium 

and  potassium  I 

and  sodium  J mn 

— potassium,  67. 

— silicon,  388. 

— silver,  204,  287. 

— sodium,  85,  283. 

— sulphur,  326. 

— stannic,  215. 

— stannous,  216. 

solution  of,  215. 

— zinc,  142. 

Chlorides,  283. 

— analytical  reactions  of, 

287. 

— detection  of,  in  presence  of 

bromides  and  iodides,  290. 

— determination  of,  770. 

— quantity  present  in  urine, 

678. 

— separation  of,  from  bro- 

mides and  iodides,  295. 
Chlorinated  lime,  126,  314. 
volumetric  determina- 
tion of,  743. 

— potash,  314. 

— soda,  solution  of,  91,  314. 

volumetric  determina- 
tion of,  743. 

Chlorination,  457. 

Chlorine  21,  283,  285. 

— acids,  310. 

— as  a disinfectant,  23. 

— bleaching  by,  23. 

— collection  of,  22. 

— derivation  of  word,  27. 

— hydrate,  280. 

— its  analogy  to  bromine  and 

iodine,  298. 

— liquid,  280. 

— peroxide,  310. 

— preparation  of,  21. 

— properties  of,  22. 

— ndative  weight  of,  24. 

— .solubility  in  water,  22. 

— solution  of,  22,  280. 

— specillc  gravity,  298. 

— substitution,  457. 

— the  active  agent  in  bleach- 

ing-powder,  120. 

— volumetric  determination 

of,  742. 

water,  22,  280. 

Chlorochromic  anhydride, 
186,  290. 

Chloroform,  457,  459. 

— water,  401. 


Ghloroformum,  459. 
Chlorophyll,  339,  048,  090. 
Chloroplatinate,  ammonium, 
106,  223. 

— lithium,  108. 

— potassium,  81,  223. 

— sodium,  223. 

Chloroplatinic  acid,  222. 
Chocolate,  613. 

Cholalic  acid,  642. 
Cholesteriu,  510,  089. 

Cholic  acid,  042. 

Choline,  594,  043. 

Chondrin,  039. 
Ghondrodendron  lomcntosum , 

617. 

Ghomlrus  cHspus,  573. 
Christmas  rose,  582. 

Chromate  barium,  114. 

— conversion  of  a,  into  a 

chromic  salt,  183. 

— lead,  183,  185,  264. 

— mercurous,  248. 

— potassium,  183. 

— silver,  207. 

— strontium,  117. 

Chromates,  182. 

— analytical  reactions  of,  184. 
Chromes,  254. 

Chrome-alum,  168,  184. 

— -ironstone,  182. 

orange,  264. 

red,  046. 

— -yellow,  254,  044. 

Chromic  acid,  183,  184. 

— anhydride,  182,  184. 

— hydroxide,  180. 

— oxide,  182,  048. 

hydrous,  048. 

— salts,  182,  184. 

— — analytical  reactions  of, 

ISO. 

— sulphate,  182,  184. 
Chromite,  182. 

Chromium,  182. 

— analytical  reactions  of,  185, 

ISO. 

— chloride,  182. 

— derivation  of  word,  27. 

— oxides,  182. 

— o.xy hydroxides,  ISO. 

— separation  of,  from  alu- 

minium and  iron,  187. 

— .sulphate,  182,  184. 
Chromogens  in  urine,  079. 
Chromous  salts,  182. 
Chromule,  048. 

Chromyl  chloride,  285. 
Chry.sammic  acid,  477. 
Chrysarobin,  470. 

Ch rysa min luim,  470. 
Chrysatropic  acid,  017. 
Clirysoi)han,  475. 
Chrysophanic  acid,  475. 
Churning,  037. 

Churras,  651. 

Chymosin,  030. 

Cicula  virosa,  542. 
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Cicutiiie,  022. 

Cider,  48S. 

Cimicifvga  raccmosa,  589. 
Vimicifugm  rhizomn,  589. 
Cimicifugiii,  589. 
Cincliamidino,  009. 

Cinchona  alkaloids,  003. 

— bark,  003. 

red,  003. 

— - — yellow,  001. 

(..'inchona  svix-iritbra,  003. 
Cinchomv  rvbrai  corlix,  003. 
Cinclionicine,  OOii. 
Cinchonidine,  007. 

— hydrlodldo,  008. 

— sulphate,  008. 

— tartrate,  008. 

Cinchonine,  008. 

— hydriodide,  008. 

— sulphate,  008. 

— tartrate,  008. 

Cineol,  541,  542. 

Cinnabar,  233,  045. 
Cinnamaldohyde,  583,  542. 
Cinnainein,  583. 

Ciunameno,  584. 

Cimiaiuic  acid,  870,  538. 

— aidehyde,  538,  542. 

— series  of  acids,  588. 
Cinnamol,  584. 

Cinnnmomi  cortex,  542. 
(Hnnavwmvm  mmplwiv,  547. 

— nliveri,  545. 

Cinnamon-oil,  542. 

Cinnamyl  alcohol,  583. 

— cinnamate,  584. 
Cinmvipeloa,  017. 

— I’artirn,  017. 

Cissainpeline,  017. 

Citral,  541. 

Citrate,  ammonium,  100. 

— bismuth,  259. 

ammonium,  174  , 259. 

— call'eine,  019. 

— calcium,  852,  854. 

— ferrous,  170. 

— iron,  170. 

and  ammonium,  173, 

174,  855. 

and  eiuiniue,  173,  174, 

004. 

and  strychnine,  175. 

— lithium,  107. 

— magnesium,  184. 

— nicotine,  027. 

— potassium,  76. 

volumetric  determina- 
tion of,  721. 

— quinine,  004. 

— silver,  854. 

— sodio-ferrous,  170. 

— strychnine,  010. 

Citrates,  851. 

— analytical  reactions  of, 

804. 

Citrenes,  479. 

Citric  acid,  851,  585. 

action  of  heat  on,  808. 


I Citric  acid,  neutralizing  power 
of,  853,  800. 

volumetric  determina- 
tion of,  720. 

— fermentation,  852. 
CUromyces  glabcr,  862. 

— I’/efferiamis,  852. 

Citron-oil,  540. 

Citronolla-oil,  542. 

Citronollal,  641,  540. 
Citronollol,  644. 

Citro-tartrate  sodium,  92. 
Citnis,  540. 

— nurantium,  541. 

— bergnmin,  852,  640. 

— limctta,  540. 

— mcdica,  640. 
Classlftoatlon,  111,  137,  273. 
Clausius's  theory,  17. 
('•lavicipts  pu  rpurea,  552. 

Clay,  157,  880. 

— China,  887. 

— ironstone,  101. 

Cloves,  oil  of,  642. 

Club-moss,  515. 

Coal,  anthracite  and  other 
kinds,  214. 

— brasses,  101. 

— -gas,  837,  451,  504. 

for  balloons,  10. 

— products  of,  504,  049. 

tar  colours,  040. 

Cobalt,  152. 

— analytical  reactions  of, 

162. 

— and  sodium  nitrite,  84. 

— arsenide,  152. 

— blue,  047. 

— derivation  of  word,  27. 

— -glance,  152. 

— oxide,  152,  047. 

— separation  of,  from  nickel, 

168. 

— sulphate,  152. 

— sulphide,  152. 

Cobaltic  ultramarine,  047. 
Cobalticyanido,  potassium, 

158. 

Cobaltinitrite  potassium,  84, 
153. 

— sodium,  84. 

Coca  leaves,  020. 

Cocee  folia,  020. 

Cocaidine,  021. 

Cocaina,  020. 

Cocainm  hyilrochloritlnm,  020. 
Cocaine,  020. 

— hydrochloride,  020,  021. 
Cocaines,  021. 

Cocamine,  021. 

Coccerin,  309. 

Cocculus  indicus,  584. 

Coccus,  809,  040. 

— cacti,  809. 

— ilids,  209. 

Cochineal,  809,  045. 

Cocoa,  518,  080. 

— nibs,  518. 


Cocoa  nut,  614. 

oil,  514. 

Cocos  nudfera,  514. 
Codamine,  002. 

Codeia,  000. 

Codeina,  000. 

Coddnai  phosphas,  001. 
Codeine,  697,  000,  032. 

— phosphate,  001. 

Cod-liver  oil,  514. 

Colfoe,  019. 

Cohosh,  blue,  589. 

Coin,  gold,  219. 

Coinage,  copper,  229,  702. 

— gold,  219,  702. 

— silver,  208,  702. 

Coke,  24,  387. 

Colchiceine,  022. 

Colchici  cormus,  022. 

— Semina,  022. 

Colchicine,  022,  032. 
Colchicum  autumiiale,  022. 
Colcothar,  172,  040. 

Collagen,  039. 

— hydrate  of,  039. 

Collagens,  039. 

Collection  of  gases,  0,  7. 
Collidine,  695. 

Collin,  804. 

Collodion,  675. 

— blistering,  575. 

— Ilexible,  575. 

Collodium,  576. 

— flexile,  675. 

— vesicans,  676. 

Colloids,  085,  804. 
(hlocynthidis  pnlpa,  579. 
Colocynthin,  679. 

Colophene,  481. 

Colopholic  acid,  550. 
Colophonic  acid,  550. 

— hydrate,  650. 

Colophonine,  660. 

Colophony,  480,  660. 
Colouring  matters,  044. 
Colourless  indigo,  047. 
Combination,  chemical,  by 

weight,  41,  42. 

— by  volume,  43. 

Combining  capacity,  57. 

— proportions,  42,  43,  48, 

et  SCI], 

Combustible,  15. 

Combustion,  14. 

— analysis  for  carbon  and 

hydrogen,  783,  rt  seg. 
for  nitrogen,  786,  787. 

— relation  of  oxygen  to,  10. 

— spontaneous,  178. 

— siijiporters  of,_15. 
Com])osition  of  atmosphere, 

20. 

— bismuth  .salts,  258. 

— centesimal,  64. 

calculation  of  empirical 

formula  from,  64. 

calculation  of,  from 

formula,  54. 


Composition  of  oils  and  fats, 
508. 

— organic  compounds,  425. 

— per  cent.,  54. 

Compound  ether,  4C2. 
Compounds,  41. 

— chemical,  25. 

definition  of,  41. 

difl'erent  from  mechani- 
cal mixtures,  25,  41. 

— of  the  elements,  00. 
Concentrated  volatile  oils,  539. 
Concentration,  2S3. 

— state  of,  283. 

Conchinine,  007. 

Concrete  oil  of  mangosteen, 

514. 

Condensation,  139. 
Condenser,  139. 
Condensing-tub,  139. 

— worm,  139. 

Confections,  562,  090. 
Conhydrine,  023. 

Conia,  022. 

Conicine,  022. 

Ccnii  folia,  622. 

— fructus,  622. 

Conine,  595,  590,  022. 

— salts  of,  022. 

— spithetic,  023. 

Coniwm  moculalvm,  022. 
Conquinine,  007. 

Constant  proportions,  law  of, 

42. 

Constant  white,  649. 
Constitution  of  alkaloids, 
590. 

— benzene  .series,  473. 

— bleaching  powder,  120. 

— cinchona  alkaloids,  009. 

— morphine,  002. 

— organic  compounds,  430, 

433,  e.t  sell. 

— salts,  60,  282. 

— uric  acid,  397,  030. 
Constitutional  formuhe,  432. 
Constniction  of  formula*,  53. 
Contact  process  for  suli)huric  j 

acid  manufacture,  331. 
Convolvulin,  582.  j 

f'onvnlvvlvs  scammovia,  587. 
Ctonylia,  022. 

Cnpaiha,  554.  ; 

— oil,  542. 

Copaivaiil,  554. 

Co[iaivic  acid,  .5.54. 

Copal,  5.51. 

C’oqiemieifi.  cerifern,  493,  520. 
Copper,  228. 

— acetate,  230. 

— acetylide,  455. 

— ammonio  - sulphate,  204, 

326. 

— analytical  reactions  of,  230. 

— antidotes  to,  232. 

— arsenate,  203. 

— arsenitc,  203,  232. 

— black  oxide,  229. 
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Copper,  blue,  047. 

— carbonate,  048. 

— coinage,  229,  702. 

— cuprous  and  cupric  salts, 

229. 

— derivation  of  word,  27. 

— detection  of  arsenium  in, 

197. 

— ferrocyanide,  232. 

— flame,  232. 

[ — hydride,  377. 

— hydroxide,  231,  232. 

j — bydroxycarbonate,  228. 

— in  organic  mixtures,  de- 

tection of,  066,  058. 
j — iodide,  229,  232,  294. 
i — melting-point  of,  097. 

I — nitrate,  230. 

I — oxides,  229,  232. 
j — oxyacetate,  230. 

— pyrites,  228. 

— quantitative  determina- 

tion of,  761. 

— recovery  of,  from  solu- 

tions, 231. 

— sulphate,  229. 

anhydrous,  230. 

— sulphide,  230,  320. 

— test  for  mercury  com- 

pounds, 243. 

— -zinc  couple,  771. 

Copperas,  blue,  104. 

— green,  104. 

Coptidis  radix,  018. 
Coptis-root,  618. 

Coptis  Tecta,  018. 
Coriander-oil,  542. 

Coriandrol,  542. 

Cork,  specific  gravity  of,  704. 

borers,  0. 

Conmtine,  552. 

Correction  of  the  volume  of  a 
gas  for  pressure,  37,  704. 

— for  temjjerature,  37,  705. 
Corrosive  sublimate,  239. 

— — antidote  to,  248. 

test  for,  in  calomel, 

240. 

Corundum,  157. 

Corydaline,  023. 

Corydalis  cava,  023. 

Corypha  ceri/era,  493. 
C'osciniuvi,  018. 

— feiiestratum,  018. 

Cotarnine,  002. 

Coto-bark,  .579. 

false,  679. 

Cotoin,  679. 

Cotton-root  bark,  589. 
Cotton-.seed  oil  in  olive  oil, 

509. 

— cake,  594. 

Cotton-wool,  574. 

Couch-grass,  589. 

Coumarin,  533. 

Cowbane,  542. 

Cowhage,  215. 

Cows’  milk,  030. 
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“ Cracking  "of  hydrocarbons, 
429. 

Cranesbill,  393. 

Cream,  03'7. 

— of  tartar,  08,  83,  347. 

soluble,  306. 

Creatine,  693. 

Creatinine,  693. 

Cremnitz  white,  049. 

Creosol,  502 
Creosote,  502. 

Creosotum,  502. 

Cresol,  502,  504. 

Cresotic  acid,  530. 

Cresylic  acid,  502. 

Creta  praparata,  122. 

Crini  radix,  588. 

Crinvm  asiaticmn,  588. 
Crocetin,  644. 

Crocin,  644. 

Crocus  (mineral),  172. 

— (vegetable),  044. 

— of  antimony,  200. 

— satims,  044. 

Croton  chloral,  625. 

hydrate,  525. 

— oil,  016. 

Crotonic  acid,  528. 

Crotonoleie  acid,  516. 
Crotonylene,  454. 

Crown  glass,  387. 

Crucibles,  71,  387. 

Crude  antimony,  205.  ’ 

— potashes,  07. 

Crum's  test  for  manganese, 
161. 

Crushed  linseed,  014. 
Crusocreatinine,  593. 

Cryolite,  167,  414. 
i Cryptopine,  002. 

Crystal-glass,  387. 
Crystallization,  water  of,  90. 

— fractional,  81, 410. 
Crystalloids,  035. 

Cube  sugar,  602. 

Cubeb  camphor,  542. 

— pepper,  628. 

Culiehm  fructus,  028. 
Cubebene,  542. 

Cnbebin,  029. 

Ciibebs,  oil  of,  542. 

— oleo-resin,  554. 

Cubic  decimetre,  30. 

— inches  in  a gallon,  740. 

— measure,  unit  of,  30. 

— nitre,  300. 

Cnca,  see  Coca. 

I'licurhila  maxima,  589. 

— J’epo,  589. 

CucvrbiUe Semina  Tra-parata, 
589. 

Cudbear,  048. 

Culvers  root,  590. 

Cumin,  542. 

Cuminic  acid,  542. 

Cnminnm  n/minnm,  542. 
Cummin,  .542. 

Cupel,  709. 
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CupelUtion,  determination 
of  silver  by,  769. 

Cuprea  bark,  609. 

Cupreine,  609. 

Cupri  siilphns,  229. 

Cupric  acetate,  230. 

— aceto-arsenito,  64S. 

— arsenate,  203. 

— arsenito,  203,  232. 

— butyrate,  899. 

— compounds,  229. 

— forrocyanide,  232,  378. 

— liydroxido,  231,  232. 

— nitrate,  230. 

— oxide,  229,  232,  618. 

— oxyacetato,  230. 

— sulidiato,  229. 

anliydrous,  230. 

— sulpliidn,  230,  326. 

— valerianate,  8il9. 

Cupro  - arsenical  pigments, 
203,  648. 

Cuprous  hydride,  877. 

— iodide,  229,  232,  294. 

— oxide,  229,  .'iOO,  674. 

— sulphide,  230. 

Cuprum,  27. 

Curai;oa,  488. 

Curari,  612. 

Curarine,  612. 

Curcuma  longa,  546,  645. 
Curcumin,  645. 

Cunl  soap,  512. 

Curils,  564,  636. 

— ami  whey,  564,  636. 

Curine,  012. 

Currant,  sugar  in,  559. 

Curry  powder,  oiiour  and 

llavour  of,  546. 

Cuspari<c  cortex,  623. 
Cusparidine,  (S23. 

CuHparine,  623. 

Ciissn,  562 
Cutcli,  392. 

Cuttle  llsh,  049. 

Cyanates,  870. 

Cyanic  acid,  370. 

Cyanide,  ally!,  494. 

— mercuric,  300. 

— nickel,  155. 

— potassium,  300. 

nickel,  165. 

— silver,  267,  303. 

Cyanides,  299. 

— aiialytiC4il  reactions  of 

metallic,  302. 

— antidotes  to,  304. 

— double,  303. 

. — quantitative  determina- 
tion of,  730,  771 . 
Cyanogen,  180,  299. 

— chloride,  373. 

— iodide,  292. 

Cyanurets,  see  Cyanides. 
Cyder,  see  Cider. 

Cymene,  469,  472,  539,  542, 
548. 

Cymol,  539,  512. 


Cypripodin,  689. 
Cijpripedium  p^ibescens,  589. 
Cystin,  682. 

— calculus,  689. 

Cytisine,  023. 


Dahlia,  570. 

Dalton’s  atomic  theory,  44. 
Dambose,  661. 

Dandelion,  670. 

Daphne  gnidimi,  552. 

— laureola,  652. 

— mecereum,  552,  579. 
Daplinetin,  579. 

Dapliniii,  579. 

Datura  alba,  625. 

— Jastuosa,  625. 

— Mctel,  6’25. 

— stramonium,  025. 

Daturas  folia,  625. 

et  semina,  025. 

— semina,  625. 

Daturine,  025. 

Dauglisli’s  breail,  563. 

Davy  safety-lam]),  16. 

Deadly  niglitshade,  614. 
Decane,  445. 

Decantation,  122. 

Decimal  coinage,  82. 
Decoctions,  090. 

Decolorizing  power  of  ani- 
mal charcoal,  888. 

Dncomi)().siUon,  42. 

— double,  70. 

Decro])itation,  409. 

Decylone  alcoliol,  495. 
Deflagrating  flux,  415. 
Deflagration,  77. 
Doli(|uesconce,  91. 

Delphine,  628. 

I)el])hinlne,  623. 

Delphinium  staphysagria,02S. 
Delphinoidine,  628. 

Densities,  relative,  38. 

of  gases,  89. 

of  liquicls  and  of  solids, 

88.  . 

Density,  88. 

— vapour,  39,  705. 
Dentifrices,  action  of,  215. 
Deodorizers,  23. 

Deodorizing  liquid,  142. 
Deoxidation,  05. 

Deposits,  urinary,  080. 
Derivations  of  names  of  ele- 
ments, 26,  el  ss(j. 

Desiccation,  748,  782. 
Desiccators,  748. 

Destructive  distillation,  140, 
818,  428. 

Detonation,  77. 

De  Valangin’s  solution,  192. 
De  Vrij’s  method  for  separa- 
tion and  determination 
of  cinchona  alkaloiils, 
791. 

Dextrin,  570. 


Dextrorotation,  348. 
Dextrose,  659. 

Dextrotartaric  acid,  348. 
Dhak  tree,  392. 

Dhatura,  626. 

Diabetes  mellilus,  '679. 
Diabetic  urine,  075. 
Diacetylmori)hine,  001. 
Di-acid  bases,  02. 

Diamide,  692. 

Diagrams,  chemical,  56,  09, 
440,  et  seq. 

Diallyl  disulphide,  495. 
Dialy.sate,  804. 

Dialysis,  388,  035,  SOS. 
Diamines,  592. 

Diamond,  24,  339. 
Diaphragms,  73. 

Diastase,  568,  571. 

— action  of,  upon  starcli, 

668,  571. 

Diatomic  alcohols,  .504. 
Diazobenzeue,  595. 

Dibasic  acids,  01,  283,  534. 
Dibromethaue,  454. 
Dichlorobonzene,  474. 
Dichloromothano,  457. 
Dichlorotolueno,  472. 
JHchopsis  gutta,  547. 
Dichroism,  027. 

Didymium,  188. 

Dietetics,  3. 

Diethyl,  445. 

Diothylanuue,  590,  691. 
Diethyl-ammonia,  591. 

— -ammoniiim  iodide,  591. 
hydrazine,  592. 

— si)artoino,  629. 

— sulphone-diethylmethane, 
496. 

-dimethylmethane,  496. 

-mothylethylmethane, 

490. 

Diethyleno-diamine,  592. 
Diffusate,  804. 

Diffusion  of  gases,  17. 

relative  rates  of,  17. 

Digallic  acid,  390. 
Digitaligenin,  580. 

Digitalin,  679. 

DigUaline  crystallisie,  680. 
Digitalis  folia,  579. 

Digitalis  purpu rca,  579. 
Digitalose,  680. 

Digitogenin,  580. 

Digitonin,  579. 

Digitoxigenin,  580. 

Digitoxin,  679. 

Digitoxose,  680. 

Dihydric  alcohols,  481,  504. 
Dihydroxyacetic  acid,  527. 
Dihydroxybonzenes,  505. 
Diliydroxy butyric  aci(i,  527. 
Dihydroxyl  derivatives  of 
hydrocarbons,  504. 
Dlliyifroxypropionic  acid, 
527. 

Diliydroxysuccinic  acid,  53.5. 
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Dihydroxytoluene,  oOd. 
Di-iodo-paraphenolsulphonic 
acid,  497. 

Di-iodosalicylic  acid,  531. 
Di-ketone,  603. 

Dill-oil,  539. 

Diluents,  215. 

Dimercuri-ammoniiun  iodiile, 
245. 

Dimethyl,  444. 

— benzene,  469. 

— ethyl-carbinol,  492. 

— ketone,  537. 

— xanthine,  630. 
Dinitrocellulin,  574. 

Dionin,  601. 

Diosphenol,  541. 

Diospyri  fructvs,  393. 
Diospyros  embfyo2itcris,  393. 
Dipentene,  479. 

Dipterocarpi  balsammn,  554. 
Diptfrocajpus  Items,  554. 

— turbinalus,  554. 
Disinfectant,  chlorine  as  a, 

23. 

DiEinfectants,  23. 
Disinfecting  fluid,  Burnett’s, 
142. 

green,  149. 

purple,  149. 

— powder,  125. 

— solution,  126. 

Distillation,  138,  429. 

— destructive,  140,  318,  428. 

— dry,  140,  428. 

— fractional,  410,  429,  485. 
Distilled  water,  139. 
Disulphide,  allyl  propyl,  495. 

— carbon,  343. 

— diallyl,  495. 

Dita,  623. 

Ditaine,  624. 

Ditamine,  023. 

Dithionic  acid,  337. 
Diibereiner’s  lamp,  224. 

Dock,  476. 

Dolomite,  130. 

Donovan's  solution,  191. 
Dorema  ammoniacum,  555. 
Doremus  ureometer,  678. 
Double  chloride,  aluminium 

and  80<lium,  157. 

— cyanides,  303. 

— decomposition,  70. 

— salts,  95,  158. 

Doundake,  551. 

Dover’s  powder,  024. 
Dracoalban,  552. 

Draconyl,  534. 

Dracoresen,  5.52. 

Dragon’s  blocxi,  551. 

Dried  alum,  159. 

Dropped  tin,  214. 

Dry  distillation,  140,  428. 
Drying  apparatus,  124. 

— in  vacua,  124,  748. 

— -oils,  51.5. 

— precipitates,  124  , 748. 


Dryobalanops  aromatica,  548. 
Dvboisia  myoporoidcs,  625. 
Duboisine,  625. 

Dulcamara,  629. 

Dulcamarin,  629. 

Dulcin,  471. 

Dulcite,  517. 

Dulong  and  Petit’s  law,  51. 
Dutch  camplior,  547. 

Dyeing  by  mordants,  159. 
Dyer’s  saffron,  640. 
Dynamite,  508. 

Earth,  bone-,  123,  366. 
Earthenware,  387. 

Earth,  fuller's,  387. 
Earth-nut  oil,  616. 

Earth  pitch,  556. 

Earths,  alkaline,  137. 

Eau  de  Cologne,  539. 

Eau  de  Javelle,  91. 

Ebonite,  647. 

Ebullition,  301. 

Ecboline,  552. 

Ecgonine,  621. 

Echitamine,  624. 

Echitenine,  624. 

Echites  scholaris,  628. 
Effervescing  citrate  of  mag- 
nesia, 92, 134. 

— citro-tartrate,  sodium,  92. 

— soda-water,  339. 

— sodium  phosphate,  92. 
sulphate,  92. 

— magnesium  sulphate,  131. 

— tarbarated  soda  powder, 

349. 

Efflorescence,  90. 

Egg,  yolk  of,  034. 

— oil,  635. 

— white  of,  633. 

Elreometer,  701. 

Elseoptens,  538. 

Elaidic  acid,  529. 

Elaterin,  680. 

Elaterinum,  580. 

Klaterium,  580. 

Elder-flower  oil,  545. 
Elecampane,  543. 

Electric  amalgam,  234. 

— current,  production  of, 

141. 

Electrodes,  02. 

Electrolysis,  14,  02,  417,  443. 

— of  potassium  acetate,  448. 

— of  .sodium  sulphate,  03. 

— of  sulphuric  acid,  03. 
Electrolytes,  64. 

Electrolytic  synthesis  of 

paraffins,  442. 

Element,  definition  of,  41. 
Elements,  1,  3,  4,  20,  41, 807. 

— and  their  compounds,  66. 

— atomic  weights,  807. 

— classification  of,  acxrord- 
I ing  to  analogy.  111. 

I — etymology  of  names  of, 
2ii,  rl  srip 


Elements,  metallic,  4. 

— non-metallic,  5. 

— of  medical  or  pharmaceu- 

tical interest,  4. 

— of  pharmaceutical  interest, 

4. 

— symbols  of,  62,  807. 

Elemi,  554. 

Elctlaria  cardamonmw , 541. 
Elutriation,  144. 

— fractional,  416. 

Embelia  ribes,  370. 

— robusta.  370. 

Embelic  acid,  370. 

Emerald  green,  648. 

Emery,  167. 

Emetic  cups,  206. 

— tartar,  208. 

Emetine,  020,  024. 

— nitrate,  624. 

Emodin,  476,  581. 

Empirical  formula,  54,  708. 
deduction  of,  from  com- 
position per  cent.,  54. 

Emplastrum  menthol,  544. 

— plimbi,  252. 

— iodidi,  252. 

Emulsin,  677. 

Emulsions,  557. 

Enemas,  690. 

English  red,  646. 

— blue,  647. 

Enzymes,  486,  487. 

Eosin,  476. 

Epsom  salt,  131,  329. 
Equations,  56,  09. 

Equisetic  acid,  353. 
Equivalents,  56. 

Erbium,  807. 

Ergosterin,  552. 

Ergot,  552. 

Ergota,  662. 

Ergotin,  552. 

Ergotine,  552. 

Ergotinic  acid,  552. 
Ergotiuine,  552. 

Erioolin,  578. 

Erlangen  blue,  648. 

Error,  in  experiment,  788. 
Erucic  acid,  516. 

Erythrite,  616,  585. 
Erythoretino,  476. 

Erytlirose,  668. 

Erythrorylon  coca,  620. 
Esculin,  see  .Esculin. 
Esoramino,  627. 

Esore,  627. 

Eseridine,  027. 

Eserine,  627. 

Esoroline,  627. 

Essence  of  apple,  467. 

— greengage,  467. 

— melon,  467. 

— mirbatie,  470. 

— mulberry,  467. 

— plueai)ple,  467. 

— quince,  467. 

Essences,  539, 
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Essential  oils,  S88. 

Esters,  402,  519. 

Etching,  S74. 

Ethal,  493. 

Ethane,  433,  440,  444. 

— constitution  of,  441. 

— syntliesis  of,  441. 

Ether,  497. 

acetic,  321,  405. 

— aceto-acetic,  400. 

— ethyl,  497. 

— hycfrobromic,  nee  ethyl 

bromide. 

— nitrous,  383,  402. 

— ozonic,  076. 

— petroleum,  440. 

— I)urille(l,  500. 

Ethereal  salbs,  402,  619. 
Ethers,  497,  519. 

— mixed,  500. 

— sulphur,  500. 

Ethlop's  mineral,  240. 

Etliyl,  acetate,  821,  405. 

— aceto-acotato,  400. 

— alcohol,  485. 

— ammonia,  691. 

— ammonium  iodide,  591. 

— bromide,  458. 

— butyrate,  407. 

— carbamate,  528. 

— chloride,  458. 

— ether,  497. 

formic  acid,  520. 

— hydride,  444. 

— hydrogen  sulphate,  452, 

485,  499. 

— hydroxide,  481,  486. 

— hydroxylamine,  592. 

— iodide,  459. 

— nitrite,  383,  402,  404. 

— oenan  thy  late,  407. 

— polargonate,  407. 

— sebacate,  407.. 

— series  of  alcohols,  481. 

— sparteliio,  029. 

— suborate,  407. 

— sulphuric  acid,  see  Ethyl 
hydrogen  sulphate. 
Ethylamine,  590,  691. 
Ethylate,  sodium,  490. 
Ethylene,  449,  452. 

— bromide,  452,  454. 

— chloride,  452,  453. 

— diamine,  692. 

— hydroxide,  481. 

— iodide,  452. 

— siilphate,  501. 

Ethylidene  compounds,  528. 

— lactic  acid,  528. 
Ethylmorphine  hydrochlor- 
ide, 001. 

Ethylsulphonic  acid,  495. 
Etymology  of  names  of  ele- 
ments, 20. 

Eucalypti  qummi,  543. 
Eucalyptol,  541,  542. 
Eucalyptus  oil,  542. 
I'Uicf'lyptvs,  892. 


Eucalyptus  amygdalina,  542. 

— cneorifolia,  542. 

— dwnosa,  542. 

— globulus,  542. 

— maculata,  643. 

— odorata,  642. 

— oleosa,  642. 

— rostrata,  543. 

Euchlorine,  310. 

Eugenol,  542. 

Euodic  aldehyde,  545. 
Euonymi  cortex,  589. 
Euonymin,  689. 

Kuonymus  atropu  ipu  reus, 

m. 

Kupatorium  perfoliatum,  589. 
Euphorbium,  550. 
Euphorbon,  550. 

Euxanthine,  044. 
Evaporation,  72,  111. 
Everitt’s  .salt,  302. 
Examinations  of  the 
I’harmacoutical  Society 
of  Great  liritain,  3;  sec 
prefiitory  matter,  xiii. 
Experimental  error,  788.  . 
Explosions  of  gas,  14. 

Extract  of  malt,  572. 

— Goulard’s,  261. 

Extracts,  090. 

Extractuvi  bclUulonnce  alco- 
hoUcum,  017. 

liiHiidnm,  017. 

viride,  017,  090. 

— cajinahis  Indicai,  551. 

— cinchomn  liguidum,  790. 

— crgotcc,  552. 

— euonymi  siccum,  689. 

— filicis  liquidum,  bib. 

— glycyrrhizie,  581. 

liquidum,  681. 

— hamamelidis  liquidum,  689. 

— hydrastis  liquidum,  018. 

— hynscyami  viride,  090. 

— ipecacuanlice  liquidum,  024. 

— nucis  vomica;,  797. 

liquidum,  797. 

— Saturni,  251. 


Face-rouge,  809. 

Faeces,  009. 

Fahrenheit  thermometer,  84. 
Fata  and  Oils,  composition 
of,  608. 

Fats,  etc.,  analysis  of,  805. 

— solid,  513. 

Fatty  acids,  510. 

— matter  in  urine,  080. 

— series,  430. 

— substances,  430. 

Folding’s  solution,  830. 

Eel  bovinum  purificatum, 
042. 

Felsjiar,  880,  414. 

Fonchene,  479. 

Fennel-oil,  543. 

Fonngroek,  030. 


Per  riduit,  178. 
Fermentation,  485 
-—  acetic,  319,  480. 

— alcoholic,  486,  487. 

— ammoniacal,  480. 

— butyric,  520. 

— by  soluble  ferments,  480. 

— citric,  852. 

— lactic,  378,  480. 

— mannitic,  480. 

— nitric,  300. 

— putrefactive,  480. 

— viscous,  480. 

Ferments,  487. 

— amylolytic,  042. 

— organised,  487. 

— pancreatic,  042. 

— proteolytic,  042. 

— soluble,  487. 

— steatolytic,  042. 

Ferratin,  042. 

E'erri  acetatis  liquor,  172. 

— arsenas,  194. 

— carbonas,  106. 

saccharatus,  105. 

— oilras,  170. 

— et  ammonii  citras,  173, 

174. 

quantitative  deter- 
mination of  iron  in,  758. 

— et  ammonii  sulphas,  158. 
tartras,  170. 

— et  potasii  tartras,  17b,  351. 

— et  (luiniiue  citras,  173,  174, 

004. 

quantitative  deter- 
mination of  quinine  in, 
794. 

— et  strychnina;  citras,  176. 

— hypophosphis,  877. 

— lactns,  819. 

— perchloridi  liquor,  170. 
fortis,  170. 

— pernitratis  liquor,  170. 

— persulphatis  liquor,  171. 

— phosphas,  106. 

— pulvis,  178. 

— pyrophosphas  solubilis,  170, 

885. 

— subcarbonas,  105. 

— sulphas,  108. 

exsiccatus,  103. 

gramilatus,  1 03. 

— valerianns,  398. 

Ferric  acetate,  172,  821,  380, 
395. 

— aceto-nitrates,  1 77. 

— ammonium  sulphate,  158. 

— benzoate,  809. 

— cacodylate,  809. 

— chloride,  108,  et  seq. 

anhydrous,108. 

— ferrocyanide,  373. 

— gallate,  894. 

— hippunito,  872. 

— hydroxide,  171,  181. 

— hydroxyoarbonato,  181. 

— iodate,  317, 


Ferric  meconato,  8S0,  3U5. 

— nitrate,  176. 

— oxide,  161,  172. 

separation  from  phos- 
phates and  oxalates, 
412 

— oxyacetate,  321. 

— oxyhydroxide,  161,  171. 

— oxyiodate,  317. 

— oxysulphate,  164. 

— phosphate,  176,  361. 

— potassio-tarti-ate,  175,  351. 

— salts,  162,  168,  et  se(j. 

analytical  reactions  of, 

180. 

volumetric  determina- 
tion of,  744. 

— succinate,  389. 

— sulphate,  170. 

— tannate,  181,  301. 

— thiocyanate,  ISl,  304,  380, 

395. 

— valerianate,  398. 
Ferricyanide,  ferrous,  180, 

374. 

— iwtassium,  373. 
Ferricyanides,  373. 
Ferricyanogen,  180,  374. 
Ferrocyanide,  cupric,  232, 

373. 

— ferric,  181,  373. 

— ferrous,  180. 

— irotassium,  299,  372. 

ferrous,  302. 

— zinc,  147. 

Ferrocyauides,  372. 
Ferrocyanogen,  180,  372. 
Ferrous  ammonium  .sulph- 
ate, 104. 

— arsenate,  171,  194. 

— bicarbonate,  161. 

— bromide,  16^  i 

— carbonate,  161,  164.  I 

— chloride,  167.  I 

anhydrous,  169.  j 

— citrates,  176. 

— ferricyanide,  180,  374. 

— ferrocyanide,  180. 

— hydroxide,  180. 

— iodide,  167. 

— lactate,  379. 

— phosphate,  106.  i 

— [lOtasslum  ferrocyanide, ' 

302.  j 

— salts,  163,  el  eeq.  \ 

analytical  reactions  of, ' 

179. 

volumetric  dctennina- 

tion  of,  737,  740. 

— suiphate,  163. 

— sulphide,  25,  107,  179,  181. 

— tartrate,  170.  | 

Ferrum,  27,  162.  j 

— reilactnm,  178,  758.  | 

— tiirinrotvm,  173, 175,  351.  j 
-determination  of  iron: 

in,  7-58,  7-59.  j 

Ferula  /letida,  555.  ‘ 
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Ferulaic  acid,  555. 

Fibrin,  635. 

— ferment,  635. 

— insoluble,  635. 

— vegetable,  638. 

Fibrinogen,  635. 

Ficus,  559. 

— elastica,  547. 

Fig,  559. 

Filicic  acid,  515. 

Filix  mas,  515. 

Filmarone,  515. 

Filter,  to  dry,  748. 

— -paper,  120,  740. 

Filters,  121. 

— ashless,  747. 

Filtrate,  124. 

Fine  gold,  221. 

Fire-clay,  239,  387. 
Fire-damp,  444. 

Fir  wool,  480. 

— oil,  480. 

Fischer’s  salt,  84,  153. 
Fisetin,  644. 

Fish-poison,  594. 

Fixed  oils,  514. 

— and  volatile  oils,  dilference 

between,  514. 

Flag,  blue,  589. 

Flake  manna,  517. 

— white,  artists',  049. 

toilet,  649. 

Flame,  oxidising,  145. 

— reducing,  145. 

— structure  of,  15. 

Flare,  513. 

Flashing-point,  481. 
Flavaspidio  acid,  515. 

Flax  seed,  574. 

Fleitmann’stestforar.senium, 

200. 

Flexible  collodion,  575. 

Flint,  386. 

— glass,  387. 

Flores  zinci,  14,5. 

Flour,  560. 

Flowers  of  sulphur,  322. 

“ B'luid  magnesia,"  132. 
F'luore.scein,  475. 

Fluoric  acid,  375. 

Fluoride,  boron,  363 

— calcium,  117,  374. 

in  bones,  123. 

— ethyl,  375. 

— lithium,  107. 

— silicon,  388. 

~ sodium  aluminium,  157. 
Fluorides,  374. 

Fluorine,  375. 

— derivation  of  word,  27 
Fluor-si)ar,  117,  374. 
Fluosilicic  acid,  375. 

Firnieuli  fructus,  543. 
Fmnugreek,  030. 

Foil,  tin,  214. 

Food,  analysis  of,  805. 
Formaldehyde,  223,  520. 
Formalin,  520. 
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Formate,  ammonium,  302. 

— potassium,  462. 

Formates,  371. 

Formic  acid,  370,  520,  527. 
Formica  ruja,  370. 

Formosa  camphor,  547. 
Formose,  520,  561. 

Formula  weight,  53. 
Formulae,  53. 

— calculation  of  composition 

per  cent,  from , 54. 

— constitutional,  432. 

— construction  of,  53. 

— empirical,  54,  70S. 

deduction  of,  from 

composition  per  cent., 
j 54. 

i — graphic,  432. 

I — molecular,  54,  708. 

I — structural,  432. 

I Formyl  chloride,  457. 
Fousel-oil,  see  Fusel-oil. 
Fowler’s  solution,  191. 
Foxglove,  579. 

Fractional  crystallization, 
81,  416. 

— distillation,  416,  429,  485. 

— olutriation,  144,  416. 

— fusion,  416. 

— lixiviation,  89,  416. 

— operations,  416. 

— precipitation,  416. 

— sifting,  408,  416. 

— solution,  89,  416.  ' 

— sublimation,  98,  416. 
Frangulin,  476,  681. 
Frankincense,  Arabian,  55(i. 

— common,  555. 

Fraxinus  omits,  517. 

Free  acids,  405. 

— determination  of,  724. 
Freezing-mixture,  327. 

French  chalk,  (i49. 

— turpentine,  480. 

Fructose,  559. 

Fructus  Ftychotis,  539. 

Fruit  essences,  467. 

— sugars,  559. 

Fuchsine,  650. 

Fuller’s  earth,  387. 
Fulminating  silver,  266. 

— mercury,  26(i 
Fume.cupboard,  102. 
Fumeroles,  363. 

Fuming  nitric  acid,  308. 

— sulphuric  acid,  333. 
Funnel-tubes,  12. 

" Fur"  in  water-vessels,  342. 
Furnace,  blast,  161. 

Furniture  of  a laboratory, 

XV. 

Furze,  623. 

Fusel-oil,  397,  492. 

Fusibility  of  metals.  Table  of 
the,  697. 

Fusible  calculus,  687,  689. 

— white  precipilatti,  245. 
Fusion,  fractional,  416. 
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Fustic,  M4. 


Oab  tree,  893. 
fladiniue,  f>94. 

Galactose,  fjiU,  fiiU. 
dalhamim,  SCO. 

Galena,  249. 

— arKentiferouH,  293. 

Galenical  preimrationa  of  the 

Britl.sh  Plmnnacopaua, 
090. 

dalipea  cuspiirio,  023. 
Galipinc,  023. 

Galipot,  OfiO. 

Gall  of  the  ox,  042. 
dnllit,  890. 

Gallate,  ferric,  891. 

Gallic  acid,  890,  393,  032. 
Gallluin,  807. 

Gallon,  88. 

Gallotnnnlc  acid,  890,  082. 
Galls,  Aleppo,  890.  I 

— Kngllsh,  890.  I 

Gall-Btones,  089.  I 

Galvanic  teat  for  mercury,  | 

248. 

Galvanized  iron,  140. 

Gambler,  892. 

Gamboge,  000,  044. 

— Indian,  000. 

— Hiam,  000. 

Gaml)ogic  acid,  0.00. 

Ganga,  001. 

Garancin,  040. 
diircinia  iiuHi'ii,  014. 

— HanhiiHi,  000. 

— mnrrlla,  000. 

— oil,  014. 

— purpurea,  014. 
darrUiue  pnrjmrm!  oleum, 

014. 

Garden  thyme,  042. 

Garlic,  essential  oil  of,  490. 
Garnierito,  104. 

Gas-analysis,  .894,  0.03. 

burners,  1.0. 

-coal-,  387,  4.01,  004. 

— for  balloons,  coal,  10. 

— -lamps,  10. 

Gaseous  volumes,  law  of, 
48. 

Gases,  analysis  of,  008. 

— collection  of,  0,  7. 

— correction  of  the  volume 

of,  37,  704. 

for  pressure,  87,  704.  ! 

for  temperature,  37, 

700. 

— diffusion  of,  17. 

— law  of  solubility  of,  in 

water,  9. 

— occlusion  of.  by  spongy 

idatinum,  224. 

— ridativo  densities  of,  39. 

— si)ecillc  gravities  of,  39, 

704. 

Gastric  Juice,  040.  i 


dauUheria  proewnbens,  531. 

— oil,  581. 

Qaulthoric  acid,  531. 
Gaultherin,  682. 
Gay-Lussac’s  law,  37. 

Gelatin  - producing  s>ib- 

stances,  089. 

Gelatin,  089. 

— sugar  of,  048. 

— tannate,  891. 

— tests  for,  040. 

— vegetable,  673. 
delntinum,  089. 
delidium  corneum,  578. 
dvlose,  578. 

Gelsemine,  024. 

Gelsemlnic  acid,  024. 
Gelsominine,  025. 
deUemii  radix,  024. 
delsemium  elegans,  024. 

— nilidum,  026. 
Gentian-bitter,  581. 
dentiaua  lutea,  581. 
deutiana;  radix,  581. 
Gentianic  acid,  581. 
Gentiogenin,  681. 
Gontlopicrln,  681. 

Gentlsic  acid,  681. 

Oontisin,  581. 

Geraniol,  648. 

Geranium  maculatmn,  893. 

— oil,  543. 

German  silver,  140,  154. 

— yeast,  485. 

Ghatti,  578. 

Gin,  488. 

Gingelly  oil,  510. 
Ginger-grass  oil,  543. 

— oil,  540. 

Gingerol,  020. 

Girdwood  and  Botjers's  me- 
thod for  detecting  strych- 
nine, 002. 

Glacial  acetic  acid,  820. 

— phosphoric  acid,  859. 
Glance,  bismuth,  250. 

Glass,  160,  887. 

— liquor,  888. 

— of  antimony,  200. 

— rods,  72. 

— soluble,  388. 

— tubes,  to  bend,  0. 

to  cut,  0. 

to  draw  out,  121. 

— water-,  388. 

Glauber’s  salt,  285. 

Globulins,  038. 

Glucinum,  807. 

Glucose,  480,  559. 

Glucoses,  658. 

Glucosides,  570. 

Glucusimide,  490. 

Glue,  039. 
dlusidum,  490. 

Olutarie  acid,  530. 

Gluten,  500. 

Glutin,  .500,  039. 

Glyceric  acid,  527. 


Glycerin,  253,  500. 

— tests  for,  607. 

Glycerins,  090. 
dlycerinum,  60S. 

— acidi  borici,  305,  508. 

carbolici,  602,  608. 

tannici,  391,  508. 

— (duminis,  60S. 

— amyli,  608. 

— boracis,  804,  508. 

— pepsini,  508. 

— plumbi  subacetatis,  261, 

60S. 

— tragacantha;,  508. 
Glycerol,  500. 

Glycerose,  568. 

Glyceryl,  600. 

— borate,  800. 

— caproato,  514. 

— caprylate,  514. 

— hydroxide,  481,  500. 

— hydroxyoxalate,  371. 

— laurato,  614. 

— myristate,  618. 

— nitrate,  508. 

— oleato,  608. 

— palmitate,  514. 

— ricinoleate,  610. 

— rotate,  614. 

— tristearate,  609. 
Glycocholates,  042. 

Glycine,  042. 

Glycocoll,  042. 

Glycogen,  670. 

Glycol,  505. 

— -aldehyde,  518. 

— oxidation  of,  634. 

— trichlorbutylidene,  525. 

— trlchlorothylideno,  626. 
Glycollic  acid,  618,  528. 
Glycols,  504. 

— aromatic,  506. 

Glycuronic  acid,  075. 
Glycyrrhetin,  581. 
dlycyrrliizai  radix,  504,  581. 
Glycyrrhizate,  ammonium, 

682. 

— calcium,  582. 

Glycyrrhizic  acid,  681. 
Glycyrrhizin,  581. 

Glyoxal,  618. 

Glyoxylic  acid,  .527. 

— series,  .527. 

Gmelin’s  teat  for  bile,  048. 
Gnoscopine,  002. 

Goa  powder,  470. 

Gold,  218. 

— analytical  reactions  of, 

220. 

— chloride,  220,  007. 

— coin,  219. 

— derivation  of  word,  27. 

— du.st,  ‘218. 

— earth,  044. 

— line,  221. 

— lineness,  219. 

— jewellers’,  219. 

— 'leaf,  219. 
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Gold,  mosaic,  'ilS.  i 

— mystery,  219. 

— ochre,  C44.  j 

— perchloride,  sec  auric 

chloride.  I 

— sodium  thiosulphate,  335.  [ 

— sulphide,  220. 

— yellow,  644. 

Golden  seal,  61S.  j 

— syrup,  564.  I 

Gooseberry,  659. 

Gossypii,  EadMs  Cortex,  5S9. 
Gossypium,  674. 

Gilthite,  161. 

Goulard's  cerate,  251. 

— extract,  251. 

— water,  251. 

Gracillaria  confervoiiles,  573.  ' 

— lichenoides,  573. 

Graham’s  dialytic  process, 

S03.  I 

— law  of  difiusion,  17. 

Grain,  32. 

— tin,  214. 

Grains  of  paradise,  543. 
Gramme,  30. 

— molecule,  47. 

volume,  54. 

Granati  cortex,  392. 
Granulated  phosphorus,  357. 

— tin,  214. 

— zinc,  12. 

Granulose,  507. 

Grape,  559. 

— juice,  346. 

— sugar,  347,  659. 

Grapes,  dried,  347. 

— sugar  in,  559. 

Graphic  formulie,  432. 
Graphite,  24. 

Grass  oils  (3),  542,  .543,  .546. 
Gravel,  081. 

Gravimetric  quantitative 
analysis,  745. 

Gravity,  specific,  .38,  098,  et 
seq. 

Green,  Bninswick,  203. 

— Chinese,  648. 

— cTipperas,  164. 

— emerald,  648. 

— hellebore,  582. 

— iron  iodide,  167. 

— pigments,  048. 

— Seheele’s,  203. 

— Schweinfurth,  203. 

— ultramarine,  048. 

— vitriol,  104,  832. 
Greengage  essence,  407. 

Grey  powder,  234. 

Grie.Hs’8  reagent,  383. 
Griffith's  mixture,  105. 
Grindelio,  625. 

— rnimsta,  025. 

— squnrroso,  025. 

Grindeline,  625. 

Ground-nut  oil,  51.5. 

Group  tests,  27.3. 

(tiKiiiici  liyntivi,  .582. 


Gnaiaci  resinii,  582. 
Guaiacin,  582. 

Guaiacol,  502. 

Guaiaconic  acid,  682. 
Guaiacum  officinale,  582. 
Guaiacum,  resin  of,  552,  582. 
Guaiaretic  acid,  682. 
Guaiaretin,  582. 

Guaiaretinic  acid,  582. 
Guanine,  694. 

Guano,  397. 

Guarana,  619. 

Guaranine,  see  Cafl'eine. 
Guaza,  551. 

Guilandina  honduccllu,  589 
Guinea  grains,  543. 

Gulancha  Hiwspora,  589. 
Gulose,  601. 

Gum,  127,  673. 

— -acacia,  127,  673. 

— -arabic,  127,  573. 

— Benjamin,  367,  529, 

— benzoin,  529. 

— British,  570. 

— cherry-tree,  673. 

— Indian,  573. 

— red,  543. 

— resins,  665. 

— tragacanth,  128,  573. 
Gummate,  calcium,  127. 

— lead,  127. 

Gummi  Indicmn,  573. 
Gummic  acid,  573. 

Gunj,  681. 

Gunjah,  651. 

Gun-cotton,  574. 

metal  214. 

Gunpowder,  311. 

Gurjun  balsam,  564. 

Gutta  percha,  547. 
Gynocardia  odorala,  516. 

— oil,  610. 

Gypsum,  117,  329. 


Hieinatein,  047. 

Haematite,  brown,  101. 

— red,  101. 

lliematoporphyrin,  071. 
Iliematoxyli  lignum,  392,  046. 
Hsem.atoxylin,  040. 
Haemoglobin,  038. 
Half-sovereign,  weight  of 
the,  220. 

Halide,  450. 

Halogens,  298. 

Haloid  salts,  298. 
Itamavuiiilis  cortex,  580. 

— Solid,  689. 

Uavimnclis  virginiea,  589. 
Hambro'  blue,  047. 

Hard  paraffin,  447. 

— soap,  511. 

Hardness  of  water,  342. 
Hart’s  test,  295. 

Hashish,  551. 

Haw,  black,  590. 

1 Heat,  abunic,  51 


Heavy  carburetted  hydrogen, 
452. 

— magnesia,  133. 

— magnesium  carbonate,  131. 

— spar,  113,  329. 

— white,  113,  649. 

Hectare,  31. 

Iledcoma,  543. 

— pulegioides,  543. 

Helenin,  543. 

Heliotrope,  585. 

Helium,  11. 

Hellebore,  black,  582. 

— green,  582,  626. 

— white,  026. 

American , 620. 

Helleborein,  682. 

Helleborin,  582. 

Ihllehorns  niger,  582. 

— viridis,  582. 

Heller’s  test  for  albumen  in 
urine,  073. 

Ifemidesmi  radix,  371. 
Hemidesmic  acid,  371. 
Hemlock,  642,  622. 

— fruit,  622. 

— leaves,  622. 

Hemp,  Canadian,  589. 

— Indian,  550. 

Hempseed  calculi,  689. 
Henbane,  625. 

Henry  and  Dalton's  laws,  9. 
Heptane,  445. 

Heptoic  .aldehyde,  542. 
Heptylene,  452. 

Herapathite,  006. 

Heroin,  001. 

Hesperidene,  .541. 

Hesperidin,  689. 

Hevea  (Siphonia)  Ilrasiliensis, 
547. 

riexabasic  acids,  537. 
Hexabromobeuzene,  470. 
Hexachlorobenzene,  470. 
Hexahydric  alcohols,  517. 
Hexahydrobenzene,  474. 
Hexahydropyridine,  628. 
Hexane,  445. 

Hexylene,  452. 

Ilihiscl  capsitlw,  574. 

Hibiscus  es(ndcntus,  574. 
Hippuric  acid,  371,  682. 

Hips,  602. 

Hoffmann’s  anodyne,  .501. 
Hofl’ner’s  blue,  647. 
Hofmann’s  method  for  detec- 
tion of  arsenium  and 
antimony,  226. 

Hollway’s  smelting  process, 
229. 

/ 1 omal  ropinie  hyd  robrom  i- 

dum,  616. 

Homatropine,  615. 

— hydrobromide,  616. 
a-Homochelidonine,  O'iil. 
fi-  -,  629. 

Homologous  series,  438. 
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Homologues,  438. 

— general  formulm  for,  488. 
Homology,  438. 
Ilomonataloin,  477. 
Homopterocarpin,  040. 
Homoquinine,  009. 
Homotartaric  acid,  530. 
Honey,  502. 

Honeydew,  505. 

1 lop,  655,  020. 

— bitter,  555. 

— essential  oil  of,  565. 
llorehound,  690. 
Horse-chestnut,  024. 
Horseradish  oii,  540. 
Houzejiu's  test  for  ozone, 

294. 

Iluile  de  Cade,  555. 

Ihimulvs  Ivjndva,  565,  020. 
Illidrargyri  indidum  nihnnii, 
230. 

— nlraa,  510. 

— nxiditm  Jiavum,  242. 

ridirim,  241. 

— perchloridum,  280. 

— auhchloridvm,  240. 

— »idiitid]>huji  /Idoiiii,  238. 

— avlphvrHmii  aim  iidjihni'e, 

240. 

llildrargiinim,  27,  238. 

— nvimoninlvm,  245. 

— cnm  crHa,  284. 

Hydrastino,  018. 

— acid  tartrate,  018. 
Iljidmstis  ciinnadniniii,  018. 

— rhizoma,  018. 

Hydrate,  ace.  Hydroxide. 

— Imtyi  cldoral,  525. 

— chloral,  523. 

— chlorine,  280. 
i I yd  ration,  509. 
iiyciraiilic  cement,  887. 
Hydrazine,  592. 
Hyctrazobonzeno,  471. 
Hydride,  antimony,  212. 

— arsoniiim,  1!I8. 

— cuprous,  877. 

— ethyl,  444. 

— methyl,  444. 

— silicon,  888. 

Hydriodic  acid,  291,  292. 
Iljldrinm,  11. 

Hydrobromic  acid,  288. 

dilute,  289. 

preparation,  Marshall's 

method,  289. 

Scott’s  method,  289. 

Hydrocarbons,  432. 

— acetylene  series,  454. 

— anthracene  series,  475. 

— benzene  series,  468. 

— “ cracking  ” of,  429. 

— ililiydroxyl  derivatives, 

504. 

— monobydroxyl  derivatives, 

481. 

— napbtbaleno  series,  474. 

— normal  parallin,  438. 


Hydrocarbons,  oleline 
series,  448. 

— paraflln  series,  432. 

— polyhydroxyl  derivatives, 

510. 

— saturated,  483. 

— series  of,  482. 

— ter])ene  series,  479. 

— trihydroxyl  derivatives, 

500. 

— uusaturated,  449. 
Hydrochloric,  acid,  24,  283. 
analytical  reactions  of, 

287. 

antidote  to,  287. 

commercial,  285. 

dilute,  284. 

in  organic,  mixtures,  de- 
tection of,  068. 

volumetric  di^termlna- 

tion  of,  720. 

Hydrochloriile,  apomorphine, 
001. 

— moriibine,  597. 

— HUinine,  004. 
Hydrocinchonidino,  009. 
Hydrocotarnine,  002. 
Hydrocotoin,  579. 

1 1 i/dmcotyle  aaiuHcii,  589. 
Ilydrocotylcs  Foliii,  589. 
Hydrocyanic  acid,  299,  873. 

analytical  reactions  of, 

302. 

antidotes  to,  804. 

diluted,  301. 

from  bitter  almond  and 

cherry  laurel,  802,  577. 
in  organic  mixtures,  de- 
tection of,  059. 

in  the  blood,  304. 

Schiinbein's  test  for, 

804. 

volumetric  determina- 
tion of,  728. 

Hydroferricyanic  acid,  373. 
Hydroforrocyanic  acid,  372. 
Hydrofluoric  acid,  374. 
Hydrogen,  11. 

— acetate,  benzoate,  borate, 

chloride,  nitrate,  sul- 
])hate,  etc.,  ece  the 
respective  acids,  acetic, 
benzoic,  etc. 

— antimonide,  212. 

— antimoniuretted,  212. 

— arsenide,  198. 

— arseniuretted,  198. 

— combination  witli  chlorine, 

23. 

— combustion  of,  18. 

— derivation  of  word,  27. 

— explosion  of,  13. 

— heavy  carburetted,  452. 

— in  artificial  light  - pro 

ducers,  14. 

— light  carburetted,  444. 

— lightness  of,  10. 

— peroxide,  113. 


Hydrogen,  phosphides,  876. 

— phosplmretted,  876. 

— preparation  of,  11. 

— properties  of,  13,  10. 

— quantitative  determina- 

tion of,  in  organic  com- 
pounds, 782,  H seg. 

— salts,  01. 

— siliciuretted,  388. 

— sulphide,  102,  107,  322. 
oxidation  of,  104, 

— sulphuretted,  102,  322. 

— test  for  arsonium,  197. 

— used  for  balloons,  10. 

— weight  compared  with  air, 

10. 

— weight  of  1 litre,  700. 

— weight  of  100  cubic  inches, 

700. 

Uydrogcniwn,  11. 

Hydrolysis,  509,  504. 
Hydrometers,  701. 
Hydroquinine,  009. 
Hydroquinone,  505,  678,  003. 
Hydrosulphide,  ammonium, 
102,  825. 

— polassium,  325. 

— sodium,  825. 
Hydrosulphides,  825. 

— analytical  reactions  of, 

320. 

Hydrosulphuric  acid,  322. 
Hydrous  butyl  chloral,  525. 

— salts,  90. 

Hydroxide,  aluminium,  157, 
159,  100. 

— ammonium,  90. 

— barium,  113. 

— bismuth,  200. 

— cadmium,  202. 

— calcium,  119. 

— chromic,  180. 

— cupric,  231. 

— ethyl,  486. 

— ferric,  171. 

— ferrous,  ISO. 

— manganese,  151. 

— methyl,  482. 

— nickel,  166. 

— potassium,  08. 

— sodium,  80. 

— stannous,  217. 

— strontium,  110. 

— zinc,  140. 

Hydroxides,  bases  are  prob- 
ably, 68. 

— composition  of,  58,  09. 

— idontiiied,  415. 

— of  the  hydrocarbon  radi- 

cals, 4S1. 

Hydroxyacotic  acid,  527,  530. 
Hydroxy  benzoic  acid,  ortho-, 
529. 

— aldehyde,  ortho-,  681. 
Hydroxybenzyl  alcohol,  500. 
Hydroxybutyric  acid,  527. 
Ilydroxycaproic  acid,  527^ 
Hydroxycaprylic  acid,  627. 
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Hydroxycarbonate,  copper, 
228. 

— lead,  250,  255. 

— magnesium,  131,  343. 

— zinc,  143. 

Hydroxyfonnic  acid,  527,  528. 
Hydroxyl,  309,  319. 
Hydroxylamine,  592. 

— hydrochloride,  592. 
Hydroxy-lauric  acid,  527. 
Hydroxy-propane-tri  carboxy- 
lic acid,  535. 

Hydroxypropionic  acid,  527. 
Hydroxysiiccinic  acid,  535. 
Hydroxytoluic  acid,  530. 
Hydroxyvaleriauic  acid,  527. 
Hygiene,  3. 

Jlygrophila,  589. 

— spinosa,  589. 

Hyoscine,  625. 

— hydrobromide,  625. 
HyoscincB  hydrobromidmn, 

625. 

Ilyoscyami  folia,  625. 
Ilyosq/amince  sulphas,  625. 
Hyoscyamiue,  614,  625. 

— sulphate,  625. 

Uyoscyamus  niger,  625. 
Hyper-,  meaning  of,  168. 
Hypnone,  537. 

Hypo-,  meaning  of,  pretix, 
377. 

“ Hypo,”  334. 

— use  of,  in  i)hotography, 

335. 

Hyi)obromites,  290. 
Hyi)Ochloride,  sulphur,  326. 
Hyiwchlorite,  calcium,  125. 

— .sodium,  91. 

Hypochlorites,  313. 
Hyixxjhlorous  acid,  126,  313. 
Hypogseinc,  515. 
Hypophosphite  ammonium, 

377. 

— barium,  377. 

— calcium,  376. 

— quinine,  877. 

— sodium,  376. 
Hypophosphites,  375. 
Hyisjphosphoric  acid,  384. 
Hyixjphosphorous  acid,  375, 

384,  886. 

Hyposulphites,  tee  Thio- 
sulphates. 

Hyposul])hnrous  acid,  337. 
Hyi>othesis,  Avogadro’s,  45. 


-ic,  meaning  of,  75,  79,  163. 
Icacin,  555. 

Iceland  moss,  309,  570. 

-ide,  meaning  of,  79. 
Igasurine,  612. 

Ignition,  111. 

Illicium  verum,  540. 
Illuminating  agents,  analysis 
of,  805. 

Imidazoic  acid,  593. 


Iniino-bases,  591. 

Imperial  system,  weights 
and  measures  of,  32. 
Incense,  557. 

Inch,  33. 

Incineration,  111. 

— of  lilters  in  quantitative 

analysis,  746. 

Indelible  ink,  265. 
Indestructibility  of  matter, 
1. 

Indian  azadirach,  589. 

— barberry,  018. 

— gamboge,  556. 

— gum,  573. 

— hemp,  550. 

— ink,  649. 

— ipecacuanha,  624. 

— liquorice,  581. 

— melissa  oil,  546. 

— mustard,  495. 

— pennywort,  589. 

— red,  646. 

— yellow,  644. 
ludiarubber,  547. 

— vulcanized,  647. 

Indican,  647. 

Indicator,  712. 

Indiglucin,  647. 

Indigo,  312,  647. 

— artilicial,  648. 

— blue,  312. 

— reduced,  647. 

— sulphate,  312. 

— -white,  647. 

— wild,  617. 

Indigojcra,  647. 

Indigogen,  647. 

Indigotin,  647. 

— disulphonic  acid,  312. 
Indium,  807. 

Infusible  white  precipitate, 
245. 

Infusions,  690. 

Infusorial  earth,  888,  637. 
Infusvm  cinchotue  acidum, 
604. 

Injectio  iqiomoriihincc  liyjm- 
dennica,  602. 

— cocaince  hypodermica,  620. 

— morphi  me  h ypode  nni  ea , 

598. 

Ink,  black,  181,  391,  649. 

— indelible,  265. 

— Indian,  649. 

— invisible,  153. 

— marking,  205. 

— printer's,  649. 

— sympathetic,  153. 
lidand  Rcventm  Uegulations, 

483,  489. 

I nosite,  561. 

Insecticide,  653. 

Insoluble  substances,  analy- 
sis of,  414. 

Introduction,  i. 

Inula  Ilelenium,  548,  570. 
Inulenin,  569. 


Inulic  anhydride,  543. 

Inulin,  569. 

Inuiol,  543. 

Invertase,  486. 

Inverted  sugar,  559. 

Invisible  ink,  153. 
lodal,  525. 
lodate,  ferric,  317. 

— potassium,  79,  317. 

— silver,  317. 
lodates,  291,  317. 

Iodic  acid,  293,  317. 

Iodide,  ammonium,  100. 

— antimonious,  206. 

— ar.senious,  190. 

— bismuth,  258. 

and  potassium,  667. 

— cadmium,  261. 

— cuprous,  229,  232,  294. 

— cyanogen, 292. 

— dimercuri-ammonium, 

245. 

— ethyl,  469. 

— ferrous,  167. 

— hydrogen,  292. 

— iron,  26,  167. 

— lead,  252,  297. 

— mercuric,  et  seq.,  244, 

297. 

— mercurous,  234,  235,  247. 

— nitrogen,  293. 

— potassium, '^7,  293. 

detection  of  iodate  in, 

78. 

mercuric,  247. 

— silver,  267,  293,  317. 

— sodium,  92. 

— starch,  78,  293,  567. 

— sulphur,  292,  326. 

— zinc,  143. 

Iodides,  291. 

— analytical  reactions  of, 

293. 

— of  mercury,  234,  et  seq. 

— quantitative  determina- 

tion of,  731,  770. 

— separation  of,  from  bro- 

mides and  chlorides, 
296. 

Iodine,  25,  291. 

— atomic  weight,  292. 

— its  analogy  to  chlorine  and 

bromine,  298. 

— derivation  of  word,  27. 

— detection  of,  in  mercuric 

iodide,  236. 

— moisture  in,  770. 

— molecular  formula  of,  292. 

— .solution  of,  202. 

— specilic  gravity,  298. 

— standard  soiutiun  of,  732. 

— tincture  of,  292. 

— volumetric  determination 

of,  748. 

— water,  202. 
lodo-salicylic  acid,  631. 
Iodoform,  461,  400. 
loda/onnum,  461. 
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lodol,  595. 
lodopyrrol,  595. 
lodim,  291. 

Ionization,  41S. 
lon.s,  417. 

Ipecacuanlia,  vinegar  of,  819. 

— wine,  024. 
fpccacuanha:  nuH.t,  024. 
Ipecacuanhic  acid,  024. 
Iponuca  lirdrracca,  5S3. 

— orizabcitMs,  582. 

— purgn,  682. 

— eimuliins,  683. 

— Iiirj^elhum,  238,  583. 

Iridin,  689. 

Irliliuin,  221,  224  , 807. 

— (diloriile,  007. 

Iris  flarnUiiui,  .544. 

— versicolor,  581). 

Irisli  moss,  578. 

Irisin,  589. 

Iron,  100. 

— acetate,  172,  .321,  880,  895. 

— acelonltrates,  177. 

— alnin,  158. 

— animoniiim  citrate,  173, 

174. 

tartrate,  170. 

— analytic.al  reactions  of,  179. 

— and  (piinino  citrate,  178, 

174,  004. 

— arsenate,  171,  194,  205. 
determination  of  arsen- 

ium  in,  788. 

volumetric  determi)ia- 

tion  of  forrmiH  iron  in, 
788. 

— arsenio-sulplilde,  190. 

— bromide,  108. 

--  carbonate,  104. 

sacebarated,  105. 

— cast-,  102. 

— chlorides,  107,  108,  cl  sc</. 

— citrate,  178. 

— compounds,  nomenclature 

of,  102. 

— derivation  of  word,  27. 

— detection  of,  in  presence 

of  alumiidum  and  chrom- 
ium, 187. 

— ferrocyanides,  180,  181, 

373. 

— galvanized,  140. 

— gravimetric  determination 

of,  758. 

-- hydroxide,  171. 

— in  olllcial  compounds’,  de- 

termination of,  758. 

— iodate,  317. 

— iodide,  25,  107. 

— maltosate,  106. 

— manufacture  of,  101. 

— meconate,  880. 

— nitrate,  170. 

— ore,  magnetic,  100. 

needie,  101. 

spathic,  101. 

specular,  101. 


Iron,  oxide  magnetic,  100, 

— — — determination  of 
iron  in,  739. 

red,  172. 

— oxyhydroxides,  101,  171. 

— oxyiodate,  817. 

— oxysulphate,  104. 

— perchloride,  see  Ferric 

chloride. 

— pernitrate,  sre  Ferric  ni- 

trate. 

— peroxide,  sec  Ferric  oxide. 
separation  of,  from 

phosphates  and  oxalates, 
412. 

— persulphate,  sec  Ferric 

sulphate. 

— pho.sphatos,  100,  301. 

volumetric  determina- 
tion of,  788. 

— pill,  100. 

— potassium  tartrate,  175. 

— pyrites,  101,  322. 

— i|uantitative  determina- 

tion of,  gravimetric,  758. 
volumetric,  730,  744. 

— rod  oxide  of,  172. 

— reduced,  177. 

— rust,  102. 

— saccharated  carbonate, 

105. 

volunietrlc  determi- 
nation of,  738. 

— salts,  nomenclature  of, 

102. 

— scale  compounds  of,  178. 

— sei)aratlon  of,  from  alu- 

miiuum  and  chromium, 
187. 

— sodio-citrate,  170. 

— sucrate,  105. 

— sulphate,  103. 

— sulphide,  25,  107,  171,  181. 

— tartrate,  170. 

— thiocyanate,  181,  395. 

— wine  of,  170. 

— wrought,  102. 

Ironstone,  ciay,  101. 

— black  band,  101. 

— chrome,  182. 
hsaconitinc,  013. 

I.sarmul,  014. 
Isatropyl-cocaine,  021. 
Isinglass,  039. 

— Japanese,  573. 

Iso,  meaning  of,  50,  582. 
Isoamyl  hydride,  445. 
Isobarbaloin,  477. 

Isobutane,  446. 

Isoheptoic  acid,  543. 

Isomeric  substances,  437. 
Isonierides,  437. 

I.soniorism,  430,  449. 

Isomers,  437. 

Isomorphous  bodies,  141. 
Tsonandra  gvUa,  547. 
Isonitrites,  619. 

Isopentane,  445. 


Isophthalic  acid,  535. 
Isoprene,  551. 

Isopropylacetic  acid,  520. 
Isopropyl  iodide,  441. 
Isorottlerin,  653. 
Iso-thiocyanate,  acrinyl,  494. 
— ally],  494,  540,  545. 
Iso-valerianate,  zinc,  140. 
Iso-valerianic  acid,  399,  520. 
Ispaghul,  574. 

Ispaghiila,  674. 

IspaghiilcE  scmina,  574. 

-ite,  moaning  of,  79. 
Ivory-black,  049. 


Jahorandi  folio,  027. 
Jaboridine,  028. 

Jaborino,  028. 

Jalap,  Indian  substitute  fur, 
238. 

— Mexican  male,  582,  687. 

— rosin,  662,  582. 

— Tampico,  683. 

— true,  682. 
dnlopa,  588. 

Japolu!  Tcsina,  583. 

Jalapin,  682. 

Jalapurgin,  583. 

“ James’s  powder,"  208. 
Japaconitino,  014. 

Jai)aneso  belladonna,  010. 

— isinglass,  578. 

Jasmine,  yellow,  024. 

Janne  brilliant,  201. 

Jolly,  vegetable,  573. 
Joquoritin,  581. 

.lequority  or  joquirity,  681, 

688. 

Jequorityzymase,  681. 
Jorvino,  020. 

Jeweller's  gold,  219. 

Juices,  090. 

Juniper  camphor,  543. 

— oil,  643. 

— tar  oil,  655. 

J'Unipervs  oxycedrus,  555. 

— Sabina,  645. 


Kainite,  07. 

Kairine,  590,  009. 
Kairoline,  009. 
Kaladana  resin,  583. 
Kidadance  rcsino,  588. 
Kali,  28. 

Kalinm,  28. 

Karnala,  653. 

Kano,  892. 

Kaolin,  887. 

Kaolinwn,  387. 

Kariyat,  689. 

Kava,  689. 

Kavcv  rhizomo,  689. 
Kelp,  291. 

Kermos,  200. 

— mineral,  209. 

Ketone  chloroform,  459. 


Ketoues,  537. 

Ketoses,  559. 
Kieselguhr,  (537. 
Kieserite,  130. 

Kiln,  119. 

Kilo^mnie,  30. 
Kilolitre,  30. 

Kilometre,  30. 

Kinates,  see  Quinates. 
Kinetic  theory,  17. 
King's  blue,  047. 

— yellow,  044. 

Kino,  392. 

— Australian,  392. 

— JkngcUensU,  392. 

— Eucalypti,  392. 
Kiuone,  see  Quinone. 
Kiwach,  215. 

Kjeldalil’s  process,  737. 
K lunge's  reaction,  477. 
Kokum  butter,  514. 
Kola-nut,  019,  030. 
Kosin,  552. 

Koussin,  552. 

Kousso,  552. 

Kmmeriw  radix,  392. 
Krypton,  20,  21. 
Kuncli,  581. 


I>aboratory  furniture,  xv. 
Laburnum,  023. 

]..ac,  040. 

— dye,  040. 

Lactams,  585. 

Lactate,  calcium,  379. 

— ferrous,  379. 

— strontium,  379. 

Lactates,  378. 

Lactic  acid,  378,  527,  528. 
volumetric  determina- 
tion of,  726. 

— series  of  acids,  526. 

relations  to  acetic  and 

glyoxylic  series,  527. 
I>actims,  585. 

Lactometer,  636,  701. 
Lactone,  558,  585. 

I.actones,  585. 

Lactopliosphate,  calcium, 
syrup  of,  379. 

I.actose,  504. 

IauAucu,  590. 
iMCtucarium,  590. 

Lactucin,  590. 

Ladies'  slipper,  589. 
Licvorotation,  348. 
Lievotartaric  acid,  318. 
Lii'vulose,  559. 

I..akes,  100,  6.50. 

I,ameWr,  atropime,  010. 

— cocainre,  020. 

— homatropinto,  010. 

— physostigmiwe,  627. 

Lamp,  Dobereiiicr's  self- 

lighting,  224. 

— -black,  337,  649, 

I,unu  pMlosophica.,  145. 


INDEX 


Lanoline,  510,  511. 
Lanthanum,  188,  807. 
Lanthopine,  602. 

Tutpis  lazuli,  048. 
iMppa,  590. 

— officinalis,  590. 

Larch  bark,  392. 

Lard,  513. 

— benzoated,  513. 

— oil,  513. 

— purified,  513. 

Lanx  europcea,  393. 

Larixin,  393. 

Larixinic  acid,  393. 
Laudanine,  002. 

Laudanosine,  002. 
Laughing-gas,  99. 

Laurate,  glyceryl,  514. 
Laurel-camphor,  617. 

Laurie  acid,  514. 

— aldehyde,  545. 

Laurocerasi  folia,  577. 
Lavandula  S2iica,  643. 
Lavender  oil,  543. 

— water,  539. 

Law,  Boyle's,  30. 

— Charles's,  37. 

— Dulong  and  Petit’s,  51. 

— Gay  Lussac's,  37. 

— Graham's,  17. 

— Henry  and  Dalton's,  0. 

— of  constant  proportions, 

42. 

— of  diffusion  of  gases,  17. 

— of  indestructibility  of 

matter,  1. 

— of  multiple  proportions, 

43,  311,  337. 

— of  solubility  of  ga.ses  in 

liquids,  9. 

— Periodic,  418. 

Laws  of  chemical  combina- 
tion by  weight,  41,  42. 

— of  chemical  combination 

by  volume,  43. 

Lead,  249. 

— acetate,  250. 

— volumetric  determination 

of,  767. 

— analytical  reactions  of, 

253. 

— antidotes  to,  255. 

— black-,  338. 

— carbonate,  250,  255. 

— chloride,  253. 

— chromates,  183,  185,  254. 

— cyanate,  370. 

— derivation  of  word,  27. 

— detection  of,  in  organic 

mixtures,  650,  058. 

— gravimetric  determination 

of,  700. 

— gummate,  1‘27. 

— hydroxide,  255. 

— hydroxy-carbonate,  250, 

255. 

— iodide,  252,  298. 

— malate,  880.  I 
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Lead  nitrate,  251. 

— oleate,  252. 

— oxide,  250. 

— oxyacetate,  251. 

— oxychroniate,  183. 

— peroxide,  250,  252. 

— plaster,  252. 

— puce-coloured  oxide,  or 

peroxide,  250. 

— pyrophorus,  178. 

— red,  250,  040. 

— shot,  249. 

— subacetate,  251. 

— sugar  of,  251. 

— sulphate,  254. 

— sulphide,  253. 

native,  249. 

— test  for,  in  water,  '253. 

— tree,  255. 

— white,  250,  049. 

Leadstone,  160. 

Leaf,  gold,  219. 

Leaf-green,  048. 

Leather,  391. 

Leblanc  process,  285. 
Lecanora,  048. 
Lecith-albumens,  034. 
Lecithin,  693. 

Lecithins,  034. 

Lees,  347. 

Legumin,  037. 

Lemon-chrorno,  254. 

— grass  oil,  540. 

— juice,  351,  353. 

determination  of  mineral 

acids  in,  775. 

— oil,  640. 

Length,  unit  of,  30. 

Ijeutisk  tree,  552. 

Lepidolite,  100. 

Lei)tandrin,  590. 

LejAandra,  590. 

Lettuce,  025. 

Leucic  acid,  527. 

Leucine,  593,  082. 
Leucomaines,  593. 

Levisticum,  560. 

Levulose,  559. 

Lichen  blue,  048. 

— sugar,  610. 

Lichenin,  570. 

Lichenstearic  acid,  309. 

Light  magnesium  carbonate, 

131,  343. 

— carburetted  hydrogen,  441. 

— magnesia,  133. 

Lignin,'  574. 

Lignite,  389. 

Lime,  bisulphite,  328. 

— carbonate,  see  Calcium 

carbonate. 

— caustic,  118. 

— chloride  of,  125. 

— chlorinated,  125. 

— juice,  851,  853. 

determination  of  min- 
eral acids  in,  776. 

--kiln,  119. 
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Lime-oil,  540. 

— quick-,  118. 

— .slaked,  119. 

— sulidiuratcd,  127. 

— water,  119. 

Limestone,  117. 

— magnesian,  130. 

— mountain-,  ISO. 
Limonenes,  479. 
lAmnnis  enrier,  640. 
Limonool,  543. 

Linalyl  acetate,  541. 
Linamarin,  .577. 

Liniment  of  mercury,  234. 
Lilli  men  ts,090. 

JAnimcntvm  mnmoniw,  511. 

— calcis,  511 . 

— hydrargyri,  284. 

Linkage  of  atoims,  481,  478. 
Llnoleine,  515. 

Llnoxyn,  515. 

Linseed,  514. 

— crushed,  514. 

— -oil,  514. 

boiled,  515. 

tea,  574. 

lAnum,  514. 

— cnnlusuvi,  514. 

— mitalisfiinwm,  574. 

Lipase,  (142. 

Li|mria,  080. 

Liqueurs,  685. 

Liquid,  camphor,  548. 

— extract  of  ipecacuanha, 

024. 

lAtjidilambar  oHcnlalu,  534. 
Liiptids,  specillc  gravity  of, 
099. 

— ofllclal  specillc  gravities 

of,  700. 

Liquor  acidi  chrnminl,  184. 

— (ivimoniip,  97. 

— timmonia:  forlis,  97. 

— ammonii  acctalis,  97. 

cUratAs,  100. 

— arsenicalis,  191 . 

— ancnici  hydrochloriais, 

192. 

— arsenii  ct  hyd rargyti  iodidi, 

191. 

— alropinie  sulphalU,  010. 

— bismuthi,  259. 

ct  ammonii  citmlU,  259. 

determiiiat,ion  of 

bismuth  in,  703. 

— Calais,  119. 

cholonncdK,  120. 

saccharatus,  119. 

— caoutchouc,  547. 

— ethyl  nitrilis,  385,  405. 

— Jerri  acetatis,  172. 

—  determination  of  iron 

in,  768,. 

jicrchloridi,  170. 

Jorlis,  170. 

■ determination  of 

iron  in,  758. 

pcrnilralis,  170. 


Liquor  ferri  pernitratis, 
determination  ot  iron  in, 
758. 

pcrsulphatis,  171,  174. 

determination  of  iron 

in,  758. 

— gnlta  percha,  547. 

— hydrargyri  nitralU  acldus, 

237. 

perchloridi,  240. 

— hydrogenii  peroxidi,  114. 

— iodi  forlis,  292. 

— magtiesii  curbonatis,  182. 

— moiphinn;  acetatis,  698. 

hydrochloridi,  698. 

lartralis,  698. 

— pancrcalis,  642. 

— picis  carbonis,  504. 

— plumbi  siibacc/atis  fortis, 

261. 

dilutus,  251. 

— polass(e,  08. 

speeilic  gravity  of,  701. 

to  prepare,  68. 

— potassii  penuanganatis, 

149. 

— sodte  chlorinatxc,  91,  813. 

— sodii  arsenatis,  194. 

ethylatis,  490. 

silicatis,  888. 

— slrychniniu  hydrochloridi, 

012. 

— trinilrini,  508. 

— zinci  chloridi,  143. 
Liquorice,  581. 

— Indian,  681. 

— root,  604. 

— .Spanish,  681. 

— sugar,  504,  581. 

List  of  apparatus,  xiv. 

— chemical  substances,  xvi. 

— reagents,  xv. 

Litharge,  260. 

Lithates,  397. 

JAthii  henzoas,  107. 

— bromidvm,  107. 

— carbonas,  100. 

— citras,  107. 

effervescens,  107. 

— salicylas,  107. 

Lithic  acid,  897. 

Lithium,  100. 

— analytical  reactions  of,  108. 

— carbonate,  106. 

— chloroplatiiiate,  108. 

— citrate,  107. 

— derivation  of  word,  27. 

— Marne,  108. 

— fluoride,  107. 

— silicate,  107. 

— urate,  107. 

Litmus,  101,  048. 

— paper,  101. 

— solution  of,  101,  728. 

Litre,  80. 

— relation  of,  to  pints,  81. 

Liver  of  sulphur,  70. 
Lixiviation,  89.  I 


Lixiviation,  fractional,  80, 
410. 

Loadstone,  100. 

Loaf  sugar,  502. 

Lobelia,  620. 

— injlata,  020. 

Lobeline,  020. 

Lodestone,  100. 

Loganotin,  684. 

Loganin,  583. 

Ijogwood,  392,  640.  . 

— solution  of,  bleached  by 

chlorine,  23. 

Lokas,  648. 

Long  popper,  028. 
Looking-glasses,  214. 

Lotio  hydrargyri  Jlava,  242. 

nigra,  243. 

Loui.sa-blue,  648. 

Lovago,  660. 

Lozenge,  sec  7'rochischus. 
Lozenges,  090. 

— sodium  bicarbonate,  89. 

— bismuth,  258. 

— potassium  chlorate,  815. 

— morphine,  698. 

and  ipecacuanha,  598. 

— reduced  iron,  178. 

— sulphur,  324. 

Lucifors,  17. 

Lump-sugar,  502. 
Lunar-caustic,  205. 

Lupulin,  oloo-resin  of,  555 
Lupuline,  620. 

Lupiilinic  acid,  555. 
Lupulinvm,  666. 

Lupulus,  690,  020. 

Initeolin,  046. 

Lutidine,  595. 

Luting,  fire-clay,  239. 
Lycopodino,  615. 

Lycopodium,  bib. 

— clavatum,  515. 

Lyddite,  604. 


Mace,  fixed  oil  of,  613. 

— volatile  oil  of,  544. 
Macleya  cordata,  029. 
Macleyine,  029. 

Madder,  475,  045. 

Magenta,  050. 

Magnesia,  183. 

— calcined,  133. 

— efl'ervoscing  citrate,  134. 

— fluid,  182. 

— heavy,  133. 

— light,  133. 

— mixture,  300. 

Magnesia,  alba,  343. 

— Icvis,  183. 

— pondcrosa,  133. 

Magnesian  limestone,  ISO. 
Magnesii  carbonas  Icvis,  131. 
ponderosus,  181. 

— carbonatis  liquor,  132. 

— sulphas,  131. 

effervescens,  181. 
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Magnesite,  130. 

Magnesium,  130. 

— aluminite,  157. 

— analytical  reactions  of,  131. 

— and  ammonium  arsenate, 

134. 

phosphate,  134,  300. 

.sulphate,  778. 

— basic  carbonate,  343. 

— carbonate,  130,  131,  134, 

343. 

Pattinson’s  process,  131. 

~ chloride,  130. 

— citrate,  134. 

— copaivate,  554. 

— derivation  of  word,  27. 

— detection  of,  in  presence  of 

barium,  strontium,  and 
calcium,  130. 

— hydroxycarbonate,  131, 

343. 

— oxide,  133. 

- phosphate,  in  bones,  123. 

— quantitative  determina- 

tion of,  755. 

— separation  from  barium, 

strontium,  and  calcium, 
130. 

— silicate,  380,  049. 

— silicide,  388. 

— .sulphate,  130,  329. 

— use  in  Marsh’s  test,  200. 
Magnetic  iron  ore,  100. 
Magnolia,  590. 

Magpie  test  for  mercury,  248. 
Maize  starch,  600,  508  (fig.). 
Malachite,  228. 

Malate,  atropine  (acid),  014. 

— calcium,  379. 

— lead,  380. 

— nicotine,  027. 

— IKjta.ssium,  379. 

Malates,  379. 

•Male  fern,  oii  of,  515. 

Malic  acid,  379,  535,  530. 

— aeries  of  acids,  535. 

Mallow  tea,  574. 

Malonic  acid,  530. 

Malt,  500. 

— extract,  572. 

— substitutes,  501. 

— vinegar,  319. 

Maltosate,  iron,  105. 

Maltose,  501,  502. 

Mandelic  acid,  577. 

tropine  ester  of,  615. 

Manganate,  potassium,  SO, 

149. 

— so<lium,  149. 

Manganese,  148. 

— analytical  reactions  of,  148, 

el  seq. 

— black  oxide,  148,  280. 

— borate,  150. 

— Cnim’s  test  for,  151. 

— derivation  of  word , 27. 

— Marshall’s  test  for,  151. 

— jieroxide,  148. 


Manganese,  quantitative 
analysis  of  black  oxide, 
750. 

— separation  of,  from  nickel, 

cobalt,  and  zinc,  151. 

— sulphate,  148,  280. 
ilanrjani  dioxidum,  148. 

— sulphas,  148. 

M.anganite,  149. 

Manganous  chloride,  148. 

— -hydroxide,  151. 

— sulphate,  148,  280. 

— sulphide,  150. 

M.angosteen  oil,  514. 

Manihot,  starch  of,  508 

(fig-)- 

Manna,  517. 

Mannite,  517. 

Mannitol,  517. 

Mannonic  acid,  517. 
Mannosaccharic  acid,  505. 
Mannose,  517,  501,  505. 
Manufacturing  chemists,  3. 
Manures,  analysis  of,  805. 
Maranta,  starch  of,  508 
(fig-)- 

Maraschino,  488. 

Marble,  117. 

Margarine,  513. 

Margosa,  589. 

Marigold,  589. 

Marine  soap,  514. 

Marking  ink,  205. 

Marl,  157. 

Marmbein,  590. 

Marruhium,  590. 

Marseilles  soap,  511. 
Marshall’s  method  for  pre- 
paring hydro  bromic  acid, 
289. 

— test  for  manganese,  151. 
Marsh-gas,  444. 

Marsh-gas  series,  432. 
Marshmallow,  074. 

Marsh’s  test  for  arsenium, 

197,  200. 

Mass,  unit  of,  30. 

Massa  Jlydrargyri,  234. 
Massicot,  250. 

Mastic,  552. 

Mastichic  acid,  552. 

Masticin,  552. 

Mate,  019. 

MaXica  folia,  590. 

Matico,  590. 

Matricaria  chnmomillii  540. 
Matter  indestructible,  1. 
Mauve,  578,  050. 

.Maximum  density  point  of 
water,  38. 

.May-apple,  553. 

.Mayer’s  reagent,  007,  718. 
.Meadow-sweet,  531,  585. 

— oil  of,  .581,  585. 
Measurement  of  atmospheric 

pressure,  34. 

— of  temperature,  83. 
Measures,  29,  rt  srq. 


Mechanical  mixture  and 
chemical  combination, 
25,  41. 

--  medicines,  215. 

Meconate  calcium,  380,  597. 

— ferric,  380,  599. 

— morphine,  697. 

Meconates,  381. 

— distinction  of,  from  acet- 

ates and  thiocyanates, 
380,  395. 

Sleconic  acid,  380,  597. 
Meconidine,  002. 

Meconin,  002. 

Meconoisin,  002. 

Medicated  waters,  539. 
Meerschaum,  380. 

Mcl,  604. 

— horacis,  304. 

— dcpuralum,  502. 

Melaleuca  hcucadendron,  541. 
Melam,  390. 

Melasses,  504. 

Melegueta  pepper,  543. 
Melezitose,  605. 

Melia  azadirachta,  589. 
Melissa  oil,  640. 

Melissic  acid,  520,  527. 
Melissyl  alcohol,  493. 

— palmitate,  403. 

Melitose,  505. 

Melitriose,  605. 

Mellitic  acid,  587. 

Mellon,  390. 

Melon  essence,  407. 

— pumpkin  seeds,  589. 
Melting-point,  determination 

of,  095. 

Melting-points  of  metals,  097. 

of  oilicinl  substances, 

090. 

Memoranda,  analytical,  270, 
402. 

Meniscus,  714. 

Menispermum  canadense,  018. 
Mentha  arvensis,  544. 

— piperita,  544. 

— pulegium,  544. 

— viridis,  544. 

Menthol,  495,  544. 

Menthono,  544. 

•Morcaptans,  495. 

.Mercurial  plaster,  234. 
Mercurialiuo,  692. 

Mcrcurialis  annua,  592. 

— perennis,  592. 
Mercuri-ammonium  chloride, 

245. 

Mercuric  chloride,  239. 

— chlorosulphide,  240. 

— cyanide,  300. 

— iodide,  ‘284,  et  sn/.,  297. 

— nitrate,  28’r. 

— oxide,  241. 

— oxychloride,  313. 

— oxynitrates,  ‘237. 

— oxysulphale,  ‘238. 

— phenato,  503. 

3 o 
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Mercuric  salts,  analytical  re- 
actions of,  214. 

— sulphate,  237. 

— sulphide,  240,  240. 

— thiocyanate,  890. 
Mtrcurius  vita:,  207. 
Mercuros-animonium  chlor- 
ide, 247. 

Mercurous  acetate,  321. 

— chloride,  280,  240,  240. 

— chromate,  ISO,  248. 

— iodide,  284,  ct  sri].,  247. 

— nitrate,  287. 

— oxide,  243. 

— salts,  analytical  reactions 

of,  240. 

— Hulidiato,  288. 

Mercury,  288. 

— ammoniated,  244. 

— ammonio-chloride,  245. 

— analytical  reactions  of, 

248. 

— antidote  to,  248. 

— basic  sulphate,  288. 

— bichloride,  230. 

— black  oxide,  248. 

— chlorides,  280. 

— copper  test  for,  248. 

— derivation  of  word,  27. 

— detection  of,  in  organic 

mixtures,  050. 

— formula  of  molecule,  233. 

— fulminate,  200. 

— galvanic  test  for,  247. 

— Iodides,  284,  cl  tcq. 

— liniment,  284. 

— magi)ie  te.st  for,  248. 

— medicinal  compounds  of, 

284. 

— molecular  wdght  of,  233. 

— native  sulphide,  283. 

— nitrates,  287. 

— nomenclature  of  salts,  234. 

— ointment,  234. 

— oleate,  510. 

— oxides,  234,  241,  243. 

— oxynitrates,  287. 

— oxysnlphate,  238. 

— Iierchloride,  see  Mercuric 

chloride. 

— persulphate,  sec  Mercuric 

sulpliate. 

— ])laster,  234. 

— iiuantitative  determination 

of,  703. 

— red  iodide,  235,  230. 

oxide,  241. 

sulphide,  240. 

— subchloride,  see  Mercurous 

chloride. 

— .sulphates,  237. 

— sulphide,  233,  240. 

— yellow  oxide,  242. 
Mesitylene,  409. 

Mesoxalic  acid,  530. 

Meta,  ineanings  of,  etc.,  70, 
474. 

Metabisulphites,  328. 


Metaborate,  barium,  300. 

— calcium,  300. 

— silver,  300. 

— sodium,  300. 

Metaboric  acid,  808. 
Metachloral,  623. 
Metacinnamein,  533. 
Metacopaivic  acid,  554. 
Mota-dihydroxy benzene,  505. 
Metagummate  calcium,  573. 
Motaldohydo,  621. 

Metallic  elements,  4. 

— quantitative  determina- 

tion of,  745. 

— radical,  00. 

— radicals,  07. 

Metals,  4. 

— table  of  the  fusibility  of, 

097. 

Metameridcs,  438. 
Metamerism,  487. 

Metamers,  438. 
Jlntantimonate,  sodium,  210. 
Metantimonic  acid,  208. 
Metantimonite,  sodium,  210. 
Mota-jihenyleno-diamine,  594. 
J[etai)hosphatc,  silver,  881. 
Metuphoaphates,  880. 
Metaidiosiihoric  acid,  850, 
869,  881,  380. 
Metaphthalic  acid,  535. 
Metarsenites,  101,  202. 
Metastannate,  sodium,  210. 
Metastannic  acid,  210. 
Metastyrol,  584. 

Metathesis,  70. 
Meta-thiantimonite,  sodium, 
210. 

Meta-thiarsenites,  202. 
Motavanadates,  803. 

Methane,  488,  444. 

— series,  432. 

— substitution  products  of, 

457. 

Methenyl  chloride,  457. 
Mothoxycatechol,  307. 

Methyl  alcohol,  482. 

detected  in  presence  of 

ethyl  alcohol,  483. 

duty-free,  489. 

oxidation  of,  371. 

Methylal,  622. 

Methylamine,  591. 

Methylated  spirit,  483. 

— sweet  spirit  of  nitre,  484. 
Methyl-arbutin,  678. 

arsonic  acid,  309. 

— -benzene,  400,  472. 

— bromide,  458. 

carbinol,  485. 

— chloride,  458. 

— -conine,  023. 

— cupreine,  009. 

— -ethyl,  445. 

aniylamine,  591. 

propyl-isobutyl  chlor- 
ide, 591. 

— formic  acid,  520. 


Methyl  glycocoll,  593. 

— group,  472. 

— hydride,  444. 

— hydroxide.  482. 

— iodide,  459. 

— morphine,  000. 

— nonyl-ketone,  537,  545. 

— protocatechuic  aldehyde. 

632. 

— pyridine,  605. 

— salicylas,  632. 

— salicylate,  531. 

theobromine,  019,  C30. 

Methylene  chloride,  457. 
Metre,  30. 

— relation  of,  to  inches,  31. 
Metric  system,  20,  et  seq. 
weights  and  measures 

of,  32. 

of  weights  and  mea- 
sures, its  relation  to  the 
British,  31. 

Mewti,  650. 

Mexican  maloj.alap,  582. 
Mezerei  cortex,  662,  679. 
Mezereon,  662. 

Mica,  167. 

Micrococcus  urecc,  071. 
Microcosinic  salt,  410. 
Microscopic  examination  of 
urinary  sediments,  083. 
Microscopy  of  starches,  508. 
Milk,  030. 

poison,  694,  007. 

curdling  ferment,  030. 

— of  sulphur,  322,  323. 

— sugar,  504. 

Millon’s  reaction,  040. 

— reagent,  040. 

Mimetesite,  303. 

Mimotannic  acid,  302. 

Mineral  acids,  detection  of, 

in  organic  mixtures,  058. 
Mineral  chameleon,  149. 

— Bthiop's  240. 

— kormos,  209. 

— purple,  040. 

— rouge,  172,  040. 

— turi)Oth,  238. 

— salts,  general  analysis  of, 

400,  ct  seq. 

Minerals,  special,  analysis  of, 
805. 

Minim,  83. 

Minium,  250. 

Mint,  644. 

— oil,  544. 

Mirbane,  essence  of,  470. 
Mishmi  bitter,  018. 

Mis])ickel,  190. 

Misturaferri  composita,  105. 
Mitigated  caustic,  205. 

Jfixed  ethers,  600. 

Mixture,  dellnition  of,  41. 

— dilforcnt  from  cliemical 

combination,  25,  41. 
Mixtures,  090. 

Moist  sugar,  502. 


Moisture  in  iodine,  deter- 
mination of,  770. 
Molasses,  564. 

Molecular  arsenium,  190. 

— formula,  54,  70S. 

— mercury,  233. 

— phosphorus,  357. 

— sulphur,  S23. 

— weight  necessary  in  assign- 

ing molecular  formula, 
54. 

— weights,  46. 

Molecules,  44,  et  scrj. 
Molybdate,  ammonium,  361. 
Molybdates,  361. 
Molybdenum,  361,  S07. 

— sulphide,  361. 

MolyMic  anhydride,  361. 

— oxide,  361. 

Monamiue.s,  592. 

Monarda  punctata,  546. 
Monobasic  acids,  61,  283, 

520. 

Monobrom-acetanilide,  471. 
Monobrom-camphor,  547. 
Monobromobenzene,  470. 
Monochlorobenzene,  470. 
Monochloromethane,  457. 
Monochlorotoluene,  472. 
Monoformin,  494. 
Monohydroxyl  derivatives  of 
hydrocarbons,  4S1. 
Mononitrocellulin,  574. 
Monopersulphate,  silver,  336. 
Monopersulphuric  acid,  336. 
.Monosulphide,  carbon,  343. 
Monoxide,  carbon,  343;  see 
also  carbonic  oxide. 
Monoxynaphthalenes,  475. 
Moonseed,  Canadian,  018. 
Morbid  urine,  672. 

Mordants,  159. 

.\forphlnee  ncetas,  508,  797. 

— hydrochloridum,  597,  797. 

— tartras,  598. 

Mor])hinated  spirit,  796. 

— water,  795. 

Morphine,  or  morphia,  597, 
032. 

— acetate,  320,  597. 

— analytical  reactions  of, 

598. 

— bimeconate,  597. 

— di.stinction  from  brucine, 

612. 

— hydrochloride,  597. 

— in  organic  mixtures,  detec- 

tion of,  662. 

— meconate,  597. 

— quantitative  determination 

of,  794. 

— sulphate,  597,  598. 

— tartrate,  598. 

Morrhuine,  515. 

Mortar,  387. 

Mosaic  gold,  218. 

Moschus,  039. 

— moschiferuji,  039. 
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Moss,  Carrageeu,  573. 

— Ceylon,  573. 

— Chinese,  573. 

— Iceland,  369,  570. 

— Irish,  573. 

Mottled  soap,  511. 
Mountain-blue,  647. 

— limestone,  130. 

Muoic  acid,  517,  565. 
Mucilage  of  bael,  574. 

— gum  acacia,  127. 

— linseed,  574. 

— marshmallow,  574. 

— squill,  574. 

— starch,  567. 

— tragacanth,  128. 

Mucilago  acaciec,  127. 

— tnigacanthai,  128. 

.^[ucu  na  pruriens,  215. 

Mucus  in  urine,  686. 

Mudar,  589. 

Mulberry  calculus,  687,  689. 

— essence,  467. 

— juice,  645. 

— sugar  in,  559. 

JIulder’s  process  for  deter- 
mination of  alcohol,  802. 
Multiple  proportions,  law  of, 
43,  311,  337. 

Murex,  397. 

Murexid,  397. 

Muriates,  see  Chlorides. 
Muscarine,  594. 

Musk,  039. 

— artificial,  639. 

— -deer,  039. 

Mustani,  494. 

— artificial  oil  of,  494. 

— essential  oil  of,  494,  545. 

— fixed  oil  of,  515. 

— Indian,  495. 

— “ plaster,”  495. 

Mycoderma  aceti,  318,  521. 
Mydriatics  (table),  632. 
MylabHs,  548. 

— cichnrii,  548. 

vinegar  of,  319. 

— phalerata,  548. 

Myotics  (table),  032. 

Myrcia  acris,  487,  543. 

— oil,  543. 

Myricetin,  041. 

.Myricyl  alcohol,  493. 
Myristate,  glyceryl,  513. 
Myristic  acid,  514,  527. 
Myrislicene,  544. 

Myristicin,  544. 

Myristicol,  544. 

Myristin,  513. 

Myrobalans,  390. 

— chebulic,  390. 
.Vyrobalanum,  390. 

Myronate,  iiotasslum,  491. 
Myrosin,  494. 

Myrnrylon  I’crdra:,  533. 

— tiilui/era,  533. 

Myrrh,  55(i. 
ilyrrha,  550. 
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Myrrhic  acid,  556. 
Myrtle  oil,  545. 

Myrtus  communis,  545. 
“ Mystery  gold,”  219. 
Mytiloxine,  594. 


Napelline,  013. 

Napktalinum,  474. 
Naphthalene,  474,  595. 

— benzoic  acid  from,  367. 

— series  of  hydrocarbons. 

474. 

Naphthalic  acid,  367. 
^apUthol,  475. 
a-Naphthol,  383,  475. 
fS.  -,  475. 

Naphthols,  475. 

Naphthyl  alcohols,  475. 
a-Naphthylamine,  383. 
Naphtol,  475. 

Narceine,  597,  002,  632. 
Narcotina,  602. 

Narcotine,  597,  602,  032. 

— hydrochloride,  602. 
Narthex,  see  Ferula. 

Nascent  atoms,  65. 

— chlorine,  05. 

— hydrogen,  05. 

— oxygen,  66. 

Natal  aloes,  477. 

Nataloin,  477. 

Xatrium,  28. 

Natron,  28,  307. 

Xectandra  liodimi,  617. 
Nectandrine,  617. 

— sulphate,  617. 

Needle  iron  ore,  161. 

Neem,  589. 

Negative  pole,  02. 
Neodymium,  188,  808. 

Neon,  20,  21. 

Neroli  oil,  541 . 

Nessler  test,  245,  718. 
Neuridine,  594. 

Neurino,  594. 

Neutral  salts,  61. 
Neutralization,  101, 

— tables,  806. 

Neutralizing  power  of  citric 
acid,  853,  806. 

of  tartaric  acid,  349, 

806. 

Nickar  nuts,  589. 

Nickel,  154. 

— analytical  reactions  of, 

164. 

— arsenio-sulphide,  154. 

— cyanide,  156. 

— derivation  of  word,  27. 

— hydroxide,  166. 

— separation  of,  from  cobalt. 

153. 

— silver,  154. 

— sulphide,  154. 

Nickolio  hydroxide,  156. 
Sicotiana  tabacum,  626. 
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Nicotine,  nicotia,  or  nicotine, 
()20. 

— citrate,  027. 

— malato,  027. 

Sihilum  alhum,  145. 

Niobium,  808.  [ 

Nitrate,  ammonium,  99, 305,  i 

808. 

— argent-ammonium,  200. 

— barium,  113. 

— bismuth,  257. 

— cobalt,  152. 

— cupric,  230. 

— ferric,  170. 

— lead,  251. 

— mercuric,  2.S7. 

— mercurous,  237. 

— nickel,  154. 

— pilocarpine,  028. 
potassium,  75,  800. 

— silver,  208,  205. 

standard  solution  of, 

728. 

touglinnnd,  205. 

- sodium,  85,  800. 

— strontium,  110. 

Nitrates,  805. 

— analytical  reactions  of, 

309. 

— quantitative  determina- 

tion of,  771,  cl  seg. 

Nitre,  807. 

— chili,  800. 

— cubic,  800. 
prismatic,  800. 

— sweet  spirit  of,  888,  102, 

404,  484. 

.Nitric  acid,  805,  807. 

anhydrous,  808. 

antidotes  to,  812. 

dilute,  808. 

fuming,  808. 

in  organic  mixtures, 

detection  of,  058. 

volumetric  determina- 
tion of,  720. 

— anhydride,  308,  311. 

— oxide,  309,  810. 
Nitrification,  300. 

Nitrifying  ferment,  305. 
Nitriles,  519. 

Nitrile  ammonium,  383. 

— amyl,  383,  407. 

— ethyl,  383,  402,  404. 

— potassium,  382. 

— sodium,  383. 

Nitrites,  382. 

— analytical  reactions, 

382. 

— in  water,  test  for,  382. 
Nitrobenzene,  470,  578. 
Nltrobenzol,  470. 

— in  oil  of  bitter  almonds, 

test  for,  578. 
Nitrocellulin,  574. 
Nitro-compounds,  405. 
Nitroethnne,  405. 
Nitropentune,  405, 408. 


Nitrogen,  18.  | 

— derivation  of  word,  27.  ' 

— free  and  combined,  20. 

— iodide,  245,  298. 

— in  the  atmosphere,  18. 

— oxides,  811. 

— peroxide,  805,  309,  311. 

— preparation  of,  18,  183. 

— properties  of,  19. 

— quantitative  determina- 

tion of,  in  organic  com- 
pounds, 785,  et  seg. 

— relative  weight  of,  20. 
Nitroglycerine,  508. 
Nitroliydrochloric  acid,  225, 

808. 

— volumetric  determination 

of,  72(5. 

Nitromannito,  517. 
Nitrometer,  114,  388,  408. 
Nitro-napthaleno,  888. 
Nitropentane,  405,  408. 
Nitrosulphonic  acid,  880. 
Nitro.syl  chloride,  809. 

Nitrous  acid,  811,  882. 

determination  of,  in 

sulphuric  acid,  883. 

— anhydride,  309,  311. 

— ether,  883,  402,  404. 

— oxide,  99,  811. 
Nomenclature  t — 

— alkaloids,  590. 

— anhydrides,  91. 

— anhydrous  salts,  90. 

— -ate,  75,  79. 

— carbonization,  evaporation, 

ignition,  incineration, 
111. 

— double  .salts,  05. 

— ferments  and  fermenta- 

tion, 487. 

— gliicosides,  570. 

— liydrous  salts,  90. 

— -ic,  75,  79,  103. 

— ide,  -ite,  79. 

— iron  salts,  103. 

— mercury  compounds,  234. 
— notes  on,  74,  79,  111,  570, 

590. 

— -ol,  500. 

— -ous,  79,  103. 

Nonane,  445. 

Non-drying  oils,  515. 
Non-metallic  elements,  5. 
Non-met.als,  4. 

Nordhausen  sulphuric  acid, 

333. 

Normal  butane,  445. 

— paraffins,  488. 

— potassium  chromate,  183. 

— propyl  iodide,  441. 

— salts,  01. 

— solutions,  712. 
a-Normal-propyl-piporidine, 

022. 

Notation,  51. 

— of  organic  compounds,  181. 


Notes,  analytical,  270,  402. 
Nucleins,  034. 

Nucleo-proteid,  iron-contain- 
ing, 034. 

Nucleo-proteids,  038. 
Nuggets,  gold,  218. 
Numerical  and  Physical 
Matters,  29. 

Nutmeg,  expressed  oil  of, 
618. 

— oil  of,  644. 

Nux-vomica,  583,  010. 

assay  of,  798. 

seeds,  010. 


Oak-bark,  391. 

Oatmeal,  500. 

Occlusion,  223,  224. 

Ochre,  044. 

— bismuth,  250. 

— burnt,  040. 

— rod,  040. 

Octahedral  sulphur,  323. 
Octahedron,  190. 

Octane,  445. 

(Knanthylato  ethyl,  407. 
(Knanthylio  acid,  527. 

Official  liquids,  specific  gravi- 
ties of,  700. 

— substances,  volumetric 

determination  of,  715,  ct 
seg. 

Oil,  ajowan,  539. 

— a, twain,  639. 

— almoncl,  616. 

— amber,  389. 

— American  pennyroyal,  543. 

— anise,  540. 

— apple,  407. 

— arachis,  615. 

— bay,  543. 

— bennO,  510. 

— bergamot,  540. 

— birch,  531. 

— bitter-almond,  308,  504, 

629,  639,  577. 

artificial,  470,  578. 

— black  sassafras,  545. 

— “ boiled,"  516. 

— boldo,  541. 

— bone,  595. 

— buchu,  541. 

— cacao,  618. 

— cade,  666. 

— ca,jnput,  541. 

cake,  515. 

— camphor,  548. 

— Catinahis  indica,  541,  550. 

— caraway,  542. 

— cardamoms,  541. 

— cascarilla,  542. 

— cassia,  542. 

— castor,  510. 

— cedra,  641. 

— chamomile,  540. 

— chaulmoogra,  510. 

— cinnamon,  542. 


Oil,  citron,  540. 

— citronella,  542. 

— cloves,  542. 

— cocoa-nut,  513. 

— cod-liver,  514. 

— copaiba,  542. 

— coriander,  542. 

— cotton-seed,  509. 

— cowbane,  542. 

— croton,  516. 

— cubebs,  542. 

— cummin,  542. 

— dill,  539. 

— earth-nut,  515. 

— egg,  635. 

— elder-Howers,  545. 

— elecampane,  543. 

— eucalyptu.s,  479,  542. 

— fennel,  643. 

— lir  wool,  480. 

— garcinia,  514. 

— garlic,  495. 

— -gas,  429. 

— gaultheria,  513. 

— geranium,  543. 

— gingelly,  516. 

— ginger,  540. 

— ginger-grass,  543. 

— grains  of  paradise,  543. 

— grass,  542,  543,  546. 

— ground-nut,  515. 

— gynocardia,  516. 

— hop,  555. 

— horseradish,  540. 

— Indian  hemp.  550. 

— jaborandi,  028. 

— juniper,  543. 

— lanl,  513. 

— lavender,  543. 

foreign,  543. 

— lemon,  540. 

— lemon-grass,  540. 

— lime,  540. 

— linseed,  514. 

— lycopodium,  515. 

— mace,  fixed,  513. 

volatile,  644. 

— male-fem,  515. 

— mangosteen,  514. 

— meadow-sweet,  531,  5S5. 

— melissa,  540. 

— mint,  544. 

— mustard,  artificial,  494. 

essential,  494,  545. 

fixed,  515. 

— myrcia,  543. 

— myrtle,  545. 

— neroli,  541. 

— nutmeg,  fixed,  513. 

volatile,  544. 

— of  vitriol,  332. 

— olibanum,  557. 

— olive,  508,  516. 

— oraum,  539. 

— orange-flower,  541. 

— orange-rind,  .540. 

— orris,  544. 

— palm,  513. 
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Oil,  paraffin,  447. 

— pea-nut,  515. 

— pelargonium,  543. 

— pennyroyal,  544. 

— pepper,  028. 

— peppermint,  544. 

— petit-grain,  541. 

— phellandrium,  47il. 

— phosphorated,  357. 

— pilocarpus,  028. 

— pimento,  542. 

— pine  wool,  480. 

— ptychotis,  539. 

— Pulsatilla,  544. 

— resin,  550. 

— rosemary,  645. 

— roses,  544. 

— rue,  537,  545. 

— .sage,  545. 

— sandal-wood,  545. 

— sassafras,  545. 

black,  545. 

— savin,  545. 

— sesame,  510. 

— shark-liver,  510. 

— spearmint,  544. 

— sperm,  493. 

— spike,  543. 

— star-anise,  540. 

— strophanthus,  588. 

— sweet-birch,  631 . 

— sweet-flag,  540. 

— teal,  510. 

— theobroma,  513. 

! — thyme,  540. 

j — turmeric,  540. 

\ — turpentine,  479. 

; — valerian,  540. 

' — verbena,  540. 

— water-hemlock,  542. 

— wine,  501. 

— winter-green,  531. 

— wood,  554. 

— worm-seed,  547. 

Oils,  analysis,  805. 

— and  fats,  composition  of, 

508. 

— ilrying,  514. 

— essential,  538,  el  srri. 

tested  for  alcohol,  539. 

— fixed,  614. 

— non-drying,  614. 

— terpen(des8,  539. 

— volatile,  538,  ct  seq. 

process  for  obtaining, 

538. 

Ointment,  tee  Ungvrvtum. 
Ointments,  090. 

I Okra,  574. 

I -ol,  meaning  of,  500. 

I Olcatc,  glyceryl,  508. 

I --  lead,  252. 

— mercury,  510. 

— potassium,  508. 

— sodium,  509. 

— veratrine,  510. 

— sine,  510. 

Oleales,  508,  509. 
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Oleatum  veratrince,  510. 
Olefiant  gas,  462. 

Olefine  series  of  hydrocar- 
bons, 448. 

Olefines,  occurrence  of  in 
nature,  451. 

— production  of,  451 . 

— relation  to  paraffins,  448. 
Oleic  acid,  509,  528. 

Oleine,  508 
Oleo-resins,  553. 

Oleum  ajowan,  539. 

— amygdalce,  515. 

— andropogi  citrati,  546. 

— anethi,  539. 

— anisi,  540. 

— anthemidis,  540. 

— arachis,  515. 

— cadinum,  555. 

— cajujnUi,  541. 

— carui,  542. 

— caryophylli,  542. 

— clnnamomi,  542. 

— copaiba:,  542. 

— coriandri,  542. 

— crotonis,  516. 

— eyubehie,  542. 

— eucalypti,  542. 

— gardnecE  purpurea:,  514. 

— gaultheriie,  531. 

— graminis  citrati,  546. 

— gynocardice,  516. 

— juniperi,  543. 

— lavandula;,  543. 

— limonis,  540. 

— Uni,  614. 

— mentha:  piperita’,  544. 
viridis,  644. 

— ■morrhiiai,  514. 

— myrciai,  543. 

— myristiccE,  544. 

— olivee,  508,  510. 

— phosphoratum , 357. 

— picia  liquida:,  555. 

— qiiinentw,  542. 

— pini,  480. 

— ricini,  510. 

— roscE,  544. 

— rosmarini,  545. 

— sanlali,  645. 

— seaami,  510. 

— • sinapis  volatile,  494, 

545. 

— sqnala:,  510. 

— tcrebintliina:,  479. 

— theobromatia,  013. 
Olibanum,  5.56. 

Olive-oil,  508,  510. 

tost  of  purity,  509. 

Oliver  bark,  545. 
lllivcri  Cortex,  545. 

Omentum,  518. 

Omum  oil,  539. 

Opal,  380. 

Opliolic  acid,  383. 

Opianic  acid,  002. 

Opium.  .597. 

— alkaloids,  .597. 
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Opium,  detection  of,  in  or- 
ganic mixtures,  001,  et 
seq. 

— estimation  of  morphine  in, 

794. 

— meconic  acid  in,  8S0. 
Orange-chrome,  2.’i4. 

— -flower  oil,  541. 

water,  541. 

— rind  oil,  540. 

— wine,  487. 

Orchil,  048. 

Orchis  tuber,  574. 

I )rcin,  048. 

Ordeal-poison,  027. 

Orelliti,  045. 

Organic  analysis,  782. 
Organic  bases,  .590. 

artificial,  590. 

— chemlstrj’,  428. 

advice  to  students,  420. 

— compounds,  classics  of,  430. 

composition  of,  425. 

constitution  of,  430. 

clfec.ts  of  heat  on,  427. 

notation  of,  481. 

Organizeil  urinary  sediments, 

082. 

Orizabln,  583. 

Or|)iinent,  190,  044. 

Orris,  butter  of,  544. 

— <'amphor  of,  544. 

— oil  of,  544. 

Ortho-,  meanings  of,  etc., 
881,  474. 

Orthodlliydroxy-lsinzene, 

505. 

Orthoform,  582. 
Orthohydroxy  Ismzaldehydc, 
531. 

Orthohydroxy  benzoic  acid, 
580. 

Orthoidtrophenylpropiollc 
acid,  048. 

Orthophenolsnlphonie  acid, 
497. 

Orthophosphates,  300,  881. 
Orthophosphoric  acid,  300, 
381, 380. 

Orthophthalic  acid,  535. 
Ortho-thiantimonite,. sodium, 
210. 

Ortliovanadates,  303. 

Oryza  saliva,  500. 

starch  of,  508  (llg.). 

Oryz(e,  farina,  507. 

Osmium,  221,  224,  80S. 

Otto  of  rose,  644. 

Ouabain,  584. 

Ounce,  32. 

Ourari,  012. 

-ons,  meaning  of,  79,  103. 
Ox-bile,  042. 

— -gall,  042. 

Oxalate,  ammonium,  101. 

— barium,  115,  345. 

— calcium,  180,  345. 

— cerium,  188. 


Oxalate,  hydrogen,  344. 

— silver,  840. 

— sodium,  344. 

Oxalates,  344. 

— analytical  reactions  of. 

346. 

— quantitative  determina- 

tion of,  778. 

— separation  of,  from  phos- 

idiates  and  ferric  oxide, 
412. 

Oxalic  acid,  844,  534,  630. 

antidotes  to,  340. 

chemically  pure,  344. 

in  organic  mixtures,  de- 
tection of,  059. 

Oxamide,  535. 

Oxidation,  05,  310. 

Oxide,  aluminium,  157,  159. 

— antimony,  207. 

— ar.seidc,  193. 

— arscnious,  190. 

— barium,  113. 

— bismutii,  250. 

— caeoilyl,  309. 

— cadmium,  202. 

— calcium,  118. 

— carbonic,  25,  340,  345,  340, 

873. 

— chromic,  182. 

— chromous,  182. 

— cobalt,  152. 

— copper,  black,  229. 

— cupric,  229,  282. 

— cu|)rous,  229,  500,  574. 

— ferric,  101,  172. 

— ferrous,  103. 

— iron,  black,  102. 

magnetic,  100,  102,  177. 

red,  101,  172. 

— load,  250. 

puce-coloured,  250. 

red,  260. 

— magnesium,  183. 

— manganese,  148. 

black,  148,  280. 

— mercuric,  241. 

— mercurous,  243. 

--  mercui'y,  black,  243. 

red,  241. 

yellow,  242. 

— molybdenum,  801. 

— nitric,  309,  31 ' . 

— nitrous,  99,  311. 

— silicon,  388. 

— silver,  200. 

— stannic,  213,  215. 

— stannous,  217. 

— tin,  218,  215,  217. 

— zinc,  144. 

Oxides  of  nitrogen,  311. 

— identified,  415. 

Oxidizing  agents,  810,  330. 

— flame,  145. 

Oxyacantliino,  018. 
Oxyacetate,  copper,  230. 

— lead,  251. 

Oxyacids  of  sulphur,  380. 


Oxybromide,  bismuth,  258. 
Oxycarbonate,  bismuth,  295, 
Oxychloride  antimony,  207, 
211. 

— bismuth,  258,  200. 

— ferric,  109. 

— mercuric,  313. 

— phosphorus,  357. 
Oxychromate,  lead,  254. 
Oxycopaivic  acid,  554. 
Oxygen,  6. 

— allatropic  form  of,  294. 

— derivation  of  word,  28. 

— determination  of,  in  gas 

mixtures,  394. 

organic,  compounds, 

783. 

— in  the  air,  10,  20. 

— its  relation  to  animal  and 

vegetable  life,  10. 

— preparation  of,  5,  113. 

— proi)erties  of,  9. 

— solubility  in  water,  10. 

— specific  gravity  of,  10. 
Oxygenated  water,  113. 
Oxyglutaric  acid,  530. 
Oxyhydroxides,  iron,  101, 

171. 

Oxyiodato,  forrio,  317. 
Oxyiodide,  bismuth,  258. 

— iron,  108. 

Oxymalonic  acid,  680.  ’ 
Oxymol,  502. 

— of  squill,  502. 

Oxymel  scillai,  502. 

— ttrqinca;,  602. 

Oxynitriito,  bismuth,  257. 

— inorcuric,  237. 

Oxysuccinic  acid,  530. 
Oxysulphato,  bismuth,  258. 

— iron,  104. 

— mercuric,  238. 
Oxysulphides,  antimony,  209. 
Oxytoluyltropeiue,  010. 
Ozokerite,  493. 

Ozone,  294. 

— tests  for,  294. 

Ozonic  ether,  075. 

Ozonized  air,  294. 


Palas  tree,  302. 
Palladium,  224,  80S. 

— chloride,  007. 
Palm-oil,  613. 

Palmitate,  cetyl,  493. 

— glyceryl,  514. 

— molissyl,  498. 
Palmitic  acid,  514,  520. 
Palniitine,  513. 

Pan,  808. 

Pancreatic  diastase,  042. 

— ferments,  042. 

Papain,  041. 

I’apaver  rha'as,  040. 

— somnifenem,  597. 
Papaverine,  002,  082.  ^ 
J'apaveris  cnpsvln',  597. 
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Papaw  tree,  (541. 

Paper,  bibulous,  120. 

— lilter,  120. 

— litmus,  bine,  101. 

red,  101. 

— turmeric,  101. 

Papers,  test-,  101. 

Para-,  meanings  of,  etc.,  34S, 
4(  4. 

Para-acetpbenetidin,  471. 
Paracoto,  570. 

Paracotoin,  579. 
Paracyanogen,  301,  302. 
Para-diliydroxybenzeiie,  505. 
Paradol,  543,  (320. 

Paraffin,  447. 

— oil,  439,  447. 

— serie.s  of  hydrocarbons, 

432. 

— wax,  446,  447. 

Paraffinic  acid,  448. 
Paraffins,  cblori((ation  of, 

457. 

— constitution  of,  433,  H 

seq. 

— formation  of,  439. 

— gaseous,  446. 

— general  character  of,  446. 

— halogen  derivatives  of, 

456. 

— hard,  447. 

— method-s  of  preparation, 

440. 

— raonohydroxyl  derivatives 

of,  481. 

— normal,  438. 

— occurrence  in  nature,  439. 

— relations  to  olelines,  448. 

— .soft,  447. 

— solid,  447. 

— synthesis  of,  440,  et  seq. 

by  electrolysis,  442. 

J'arafflnum  durum,  447. 

— liquidum,  447. 

— moUe,  447. 
Paraformaldehyde,  520. 
Paraguay  tea,  619. 
Parahydroxybenzaldehyde, 

531. 

Paraldehyde,  521. 
I'araUlehydum,  521. 

Prrallin,  586. 

I’ara-methyl-isopropylben- 
zene,  472. 

Para  - phenetol  - carbamide, 
471. 

— -phenolsul  phonic  acid, 

503. 

— -phenylene-(iiamine,  594. 
Paraphthalic  acid,  535. 
Paratartaric  acid,  34.S. 
I'areirai  rwHx,  617. 

Paricine,  617. 

Parietinic  acid,  475. 
Parigenin,  586. 

Parilla,  yellow,  618. 

Paris  blue,  048. 

— red,  045. 


Particles,  elementary,  44. 
Patent  sugar,  561. 

Pea-nut  oil,  515. 

Peach,  559. 

Pear-wine,  488. 

Pearl-barley,  566. 

sago  starch,  568  (fig.). 

white,  258,  649. 

Pearlash,  68. 

Peas,  637. 

Pectin,  573. 

Pelargonate,  ethyl,  467. 
Pelargonic  acid,  527.  | 

relargoniim,  543. 

— oil  of,  543. 

Pelletierine,  392. 
Pellitory-root,  653. 

Pelosine,  617. 

Pencils,  “ lead,"  338. 
Pennyroyal,  American,  oil  of, 

543. 

— oil  of,  544. 

Pennywort,  Indian,  589. 
Pentaue,  445. 

Pentahydric  alcohols,  517. 
Pentathionic  acid,  324,  337. 
Pepper,  black,  628. 

— cayenne,  620. 

— cubeb,  628. 

— long,  628. 

— melegueta,  543. 

— oil  of,  628. 

— resin  of,  552. 

— white,  628. 

Peppermint  oil,  544. 

I’epsimim,  641. 

Pepsin,  640. 

— in  urine,  680. 

Pepsinogen,  640. 

Peptone,  641. 

Peptones,  038. 

— in  urine,  673. 

P(ir-,  meaning  of,  168. 
Percentage  composition,  54. 
Porcha  tree,  547. 

Perchlorate,  potassium,  315. 
Perchloric  acid,  315. 
Perchloride,  gold,  sec  Auric 

chloride. 

— iron,  see  Ferric  chloride. 
anhydrous,  see  Ferric 

chloride,  anhydrous. 

— mercury,  see  Mercuric 
chloride. 

— platinum,  see  Platinic 

chloride. 

-- - tin,  see  Stannic  chloride.  ] 
P((rchloro-methano,  457.  i 

Percussion  caps,  260. 
Perfumes,  539. 

Periodic  Law,  418.  | 

Perkin’s  reaction,  533,  534, 
048. 

Permanent  hardness  in  water, 
342. 

Permanganate,  potassium, 
80,  M9. 

Pern(anga([io  acid,  151. 
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Peniitrate,  iron,  see  Ferric  ni- 
trate. 

Peroxide,  barium,  113. 

— chlorine,  310. 

— hydrogen, 113. 

— iron,  see  Ferric  oxide. 

— lead,  252. 

— manganese,  148. 

— nitrogen,  305,  309,  311. 
Perry,  488. 

Persian  berries,  044. 

Persite,  553. 

Persodine,  3S6. 

Personne’s  solution,  731. 
Persulphate  ammonium,  335. 

— barium,  336. 

— potassium,  335. 

— sodium,  330. 

“ Persulphate  " iron,  see  Fer- 
ric sulphate. 

— mercury,  see  Mercuric  sul- 

phate. 

Persulphatos,  170,  335. 

— analytical  reactions  of, 

336. 

Persulphuric  acid,  335. 

— anhydride,  335. 

Peru,  balsam  of,  370,  533. 
Peru  vine,  533. 

Petalite,  107. 

Petit  grain  oil,  541. 
Petrolatum  liquidum,  447. 

— molle,  447. 

— spissum,  447. 

Pdtroldine,  447. 

Petroleum  benzin,  446. 

— crude,  446. 

— ether,  446. 

— gas,  444. 

— light,  440. 

— soft,  447. 

— spirit,  446,  469. 

testing,  480. 

Pettenkofer’s  tost  for  bile, 

643. 

I'emnus  buldus,  541. 

Pewter,  206,  214,  249,  257. 
Pi(a;oretiue,  476. 

Pharaoh's  serp(>nts,  396. 
Pharhitis  nil,  583. 
Pharbitisin,  583. 
Pharmaceutical  Society  of 
Great  liritain,  examina- 
tions of,  3. 

Phnnuaeeulicid  chemist,  3. 
Pharmacognosy,  3. 
Pharmacology,  3. 

Pharmacy,  3. 

I’liollandrene,  479,  541. 
Pliellaiidrium  aqiuiticum, 
479. 

Phenacotin,  471. 
Plienacetinum,  '\7\. 

Phcnates,  503. 

I Phenazone,  471,  593. 
Phenuznnum,  471. 

Phonic  acid,  501. 

— ahmliol,  501. 
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Phenocoll,  471. 

Phenol,  501. 

Phenol-mercury,  503. 
Phenolphthalein,  475,  535, 
727. 

Phenols,  601. 

Phenolsulphonic  acid  (orUiol, 
407. 

(para),  508. 

Phony lacetumido,  471. 
Phenylamino,  470,  505. 
I’hotiylcarbinol,  504. 
I’hcnyl-dimoUiyl  . iso])yrazo- 
lone,  471. 

Phcnylglycollic  acid,  577. 
Phenyl  group,  472. 
PhenylhydraziiK!,  503. 
Phonyhnethyl  ketone,  .537. 
Phenyl  salicylate,  .532. 
Pho.sgen,  840,  400. 
Phosphate,  aminonlum,  100. 

magnesium,  134,  300. 

separation  (jf,  from 

oxalates  and  ferric  oxide, 
412. 

— barium,  802. 

hydrogen,  115,  124. 

— calcium,  117,  128,  3.50. 

acid,  800. 

— codeine,  001. 

— ferric,  170,  801. 

— ferrous,  100,  180. 

— magnesium,  in  Ixmes,  128. 

— silver,  207,  800. 

— sodium,  02,  124. 

how  prej)ared  from  cal- 
cium phosphate,  124. 
Phos|)hates,  850. 

— analytical  reactions  of, 

800. 

— quantitative  determina- 

tion of,  778. 

Phosphide,  hydrogen,  375. 

— trihydrogen,  875,  370. 

— zinc,  867. 

Phosphines,  591. 

Phosphites,  884. 

— test  for,  377. 
Phosphoantimoidc  acid,  007. 
Phosphomolybdic  acid,  302, 

GOG. 

Phosphorated  oil,  357. 
Phosphoric  acid,  18,  850, 
381. 

diluted,  18,  368. 

glacial,  359. 

quantitative  determina- 
tion of  free,  779. 

— aidiydrlde,  18,  868,  381. 
Phosi)horizod  fats,  034. 
Phosphorous  acid,  288,  384, 

380. 

— oxide,  884. 

Phosphorus,  17,  3,50. 

— acids  of,  385. 

— bromide,  288,  358. 

— combustion  of,  17. 

— dcrivatinn  of  word,  28. 


Phosphorus,  detection  of, 
in  organic  mixtures, 
000. 

— granulated,  357. 

— molecular  formula  of, 

357. 

— oxychloride,  857. 

— pontaohloride,  357. 

— pill,  367. 

— properties  of,  17,  350. 

— red  or  amorphous,  17,  357. 

— trichloride,  819,  357. 

— tri-iodide,  468. 
Phosphotungstic  acid,  007. 
Phosphurotted  hydrogen, 

876,  870. 

Photographic  hypo-elimina- 
tor, 380. 

— “ reducer,”  880. 

— use  of  “ hypo,"  335. 
Phthaleins,  475. 

Phthalic  acid,  307,  475,  635. 

— aidiydride,  475,  .535. 

— series  of  acids,  535. 
Phyilocyanin,  048. 
Phylloxanthin,  048. 

Physical  changes,  40. 

— examination  of  urine, 

071. 

I'hysosligmn  vcneiiosiim,  027. 
J'liysosliijmuHii  sanina,  027. 
I'hysoaHyminw  svlplins,  027. 
Physostigndne,  027. 

I’hytolacca  bacca  ct  radix, 
690. 

Phytolaccin,  500. 

I'icea  excHsa,  552. 

Picoline,  595. 

Picric  acid,  504,  002,  046. 
I’icrorhiza,  584. 

— hurrnn,  584. 

Picrorhizetin,  584. 

Picrorhizin , 584. 
Picrosclerotino,  552. 

Picrotin,  684. 

Picrotoxin,  584,  032. 
i’icrotoxinin,  584. 
J'icrotoxinnm,  584. 

Pig-iron,  102. 

Pigments,  044. 

J'igmentum  nigrum,  049. 

I’ill,  see  IHlula. 

Pills,  090. 

Pilocarpidine,  028. 

I’ilocarpince  nitras,  028. 
Pilocarpine,  027. 

— hydrochloride,  027. 

— nitrate,  028. 

I'ilocarpus  Jaborandi,  027. 
I’ilula  aloes  et  Jerri,  104. 

— Jerri,  100. 

— hydrarpyri,  234. 

subehloridi  com2)Osita, 

241. 

— }yhos])hon,  357. 

— plumbi  cum  ojtio,  251. 
Pimaric  acid,  512,  5.50. 

Pimento  oil,  542. 


Pimpinella  anisum,  540. 
Pine-apple,  essence  of,  407. 

— wool,  480. 

oil,  480. 

Pinene,  479. 

Pinic  acid,  612,  550. 

Pink  saucers,  040. 

— the  common,  680. 

Pins,  214. 

Pint,  33. 

Pinus,  479,  480,  550. 

— Abies,  480,  550. 

— australis,  480. 

— larix,  392,  479. 

— Ledehouni,  480. 

— maritima,  550. 

— pi  era,  480. 

— pinaster,  480. 

— Pumilio,  480. 

— sylveslris,  480. 

— Ueda,  480. 

Pipe-clay,  158. 

Piper  Belle,  393. 

— nigrum,  028. 

Piperazine,  592. 

Piporic  acid,  028. 

Piperidine,  553,  028. 

— acid  tartrate,  02!i. 
Piperine,  028. 

Pipette,  290. 

Pistachia  lerebinthus,  480. 
Pitch,  656. 

— Uurgundy,  552. 

Pituri,  027. 

Piuri,  044. 

]‘ix  Burgundica,  552. 

— liquida,  480,  565. 

Piant  alkaloids,  593. 

Plantago  isjiaghula,  574. 

— nvala,  674. 

Plants  and  animals,  comple- 
mentary action  of,  on 
air,  10. 

Pl.aster,  ammoniacum  and 
mercury,  234. 

— lead,  252. 

— mercurial,  234. 

— of  Paris,  117,  049. 

Plasters,  090. 

Plastic  sulphur,  323. 

Plate,  tin-,  214. 

Platinic  chloride,  222, 
007. 

solution  of,  222. 

— sulphide,  222. 

Platinized  asbestos,  331. 
Platinous  chloride,  228. 
Platinum,  221. 

— analytical  reactions  of, 

222. 


— and  ammonium  ' 

chloride 

— and  lithium 

chloride 

— and  ])otassinm 

chloride 

— and  sodium 

chlnriile 
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Platinum  black,  ia'l, 

— chloride,  222. 

— derivation  of  word,  28. 

— foil,  221. 

— perchloride,  see  Platinic 

chloride. 

— residues,  to  recover,  224. 

— spong)%223. 

Pleurisy  root,  589. 

Plum,  559. 

Plumbago,  24,  33S. 
t’lumhi  acetas,  251. 

— carbonas,  250. 

— emplastnm,  252. 

— iodid  um,  252. 

— oxidum,  250. 

— siibacelatis,  liquor,  251. 
Plumbic  acetate,  sulphate, 

etc.,  see  Lead. 
riumbum,  27. 

“ Plummer’s  pill,”  241. 
Pocula  emetica,  200. 
l‘odo}ihylii  Indices  resina, 
553. 

rhizoma,  553. 

— resina,  553. 

— rhizoma,  553. 
Podophyllotoxin,  553. 
1‘odophyllum,  553. 

— emodi,  553. 

— peltatum,  553. 

— resin,  553. 

Poison  ivy,  393. 

— oak,  393. 

Poisonous  alkaloids,  Stas’s 
process  for  detection 
of,  in  organic  material, 

004. 

Sonuenschein’s  process, 

005. 

Poisons  of  cheese,  milk,  fish, 
etc.,  594,  l>07 

Poi.sons,  antidotes  to,  see 
Antidotes. 

— detection  of,  in  organic 

mixtures,  054,  el  srq. 
Pokeberry  and  root,  590. 
Poiybasic  acids,  02,  537. 
Polychroite,  584,  044. 
I’olyguXa  senega,  580. 
Polygalic  acid,  580. 
Polyhydric  alcohols,  510 
Polymerides,  437. 
Polymerism,  437. 

Polymers,  437. 

Polysulphide,  calcium,  324. 
Pomegranate  rind,  .392. 

root  bark,  392. 

Poppy  rai)sules,  .597. 

— white,  .597. 

I’opulus,  584. 

Porcelain,  387. 

I’orridge,  500. 

Port  wine,  488. 

Porter,  488. 

I'ortlarid  cement,  387. 

Positive  i«le,  02. 


Potash,  acetate 

— alum 

— bicarbonate 

— bichromate 

— bitartrate 

— carbonate 

— chlorate 

— citrate 
— iodate 

— nitrate 

— permanganate 

— prussiate,  red 
yellow 

— sulphate 

— tartrate 
acid 

— bulhs,  784. 

— caustic,  08. 

solution  of, 

— — volumetric  determina- 

tion of  solutions  of,  720. 

— sulphurated,  70. 

— water,  339. 

Potashes,  07. 

— preparation  of,  from  wood 

ashes,  07. 

Pot  ossa  caustica,  09. 

— sulphurata,  70. 

I'otassee  liquor,  08. 

I’otassii  acetas,  72. 

— bicarbonas,  73. 

— bichromas,  183. 

— bromidim,  79. 

— carbonas,  08. 

— chloras,  314. 

— citras,  75. 

— el  soda  tartras,  70,  91. 

— • hypophosphis,  377. 

— iodidum,  78. 

— nitras,  75,  200. 

— permanganas,  SO,  149. 

— sulphas,  75,  307. 

— tartras,  70. 

acidus,  08,  S3,  347. 

Potassio-tartrate,  antimonv, 
208. 

Potassium,  07,  08. 

— acetate,  '71,  321. 

— acid  carbonate,  73. 

— — oxalate,  344. 

succinate,  389. 

sulphate,  307. 

sulidiite,  327. 

I tartrate,  82,  347. 

! — alizaratn,  475. 

I — aluminium  sulphate,  157. 

[ — .analyticial  reactions  of,  81. 

— and  bismuth  iodide,  007. 

(yidmium  iodide,  007. 

diazo benzene  hydroxide, 

008. 

platinum  chloride,  see 

potassium  chloroplatin- 
ate. 

sodium  tartrate,  91, 

347. 

— angelate,  .540. 

— anliydrochrornate,  183. 


Potassium  antimonyl  tar- 
trate, 208. 

— benzoate,  533. 

— bicarbonate,  73. 

— bichromate,  183. 

— bismuth  thiosulphate,  82. 

— bitartrate,  82. 

— borotartrate,  306. 

— bromate,  79. 

— bromide,  79,  289. 

— carbolate,  501. 

— carbonate,  98. 

volumetric  determina- 
tion of,  720. 

— Carnot’s  test  for,  82. 

— chlorate,  6,  314. 

— chloride,  07,  81. 

— chloroplatinate,  81,  223. 

— chromate,  183. 

— cinnainate,  533. 

— citrate,  75. 

— cobaiticyanide,  153. 

— cobaltinitrite,  84,  153. 

— cyanate,  300,  370. 

— cyanide,  300. 

— derivation  of  word,  28. 

— ferricyanide,  373. 

— ferrocyanide,  29SI,  372. 

— ferrous  ferrocyanide,  302. 

— -fiame,  83,  110. 

— formate,  402. 

— hydrogen  carbonate,  73. 
sulphate,  307. 

tartrate,  82. 

— hydrosulphide,  325. 

— hydroxide,  08. 

impurities  in  commer- 
cial, 09. 

— iodate,  77,  317. 

— iodide,  77,  293. 

— manganate,  80,  149. 

— mercuric  iodide,  230,  247. 

— meta-bisulphite,  328. 

— myronate,  494. 

- nickel  cyanide,  155. 

— nitrate,  75,  300. 

— nitrite,  382. 

— occurrence,  07. 

— oleato,  508. 

— perchlorate,  315. 

— permanganate,  SO,  149. 

— — volumetric  determina- 

tion of,  740. 

— persulidiate,  335. 

— phenol,  .501. 

— preparation  of,  08. 

— properties  of,  08. 

— prussiate,  nsl,  373. 

yellow,  300,  372. 

— i|iiantitative  determina- 

tion of,  740. 

— Hid  prussiat(‘,  373. 

— salts,  analogy  of,  to  sodium 

salts,  93. 

— sodium,  ammonium,  and 

lithium,  .se))aration  of, 
109. 

— sources,  07. 
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Potassium  ataniiate,  21(1. 

— succinate,  380. 

— sulpliamidolwnzoatn,  49(1. 

— sulphate,  75,  307. 

— suiphides,  70,  825. 

— tartrate,  70,  347. 

acid,  70,  82,  340. 

— tliiooyanato,  805. 

— yellow  pnissiatc,  300,  872. 

— zincate,  147. 

Potato,  020. 

— -oil,  492. 

— starch,  500,  508  (llg.). 
Poultices,  000. 

Pound,  82. 

Powder,  sec  I'lih’in. 

— hleaching,  125. 

— grey,  284. 

— luilty,  210. 

— Tripoli,  880. 

Powders,  000. 

— soda-,  92. 

— sp(!clllc  gravities  of,  702. 
Pras(>odyniiuni,  188,  808. 
Precipitant,  81. 
i’recipitato,  81. 

— red,  241. 

— wlilte,  244,  287. 

fusible,  24,5. 

Infusible,  245. 

Precipitated  clialk,  120. 

— sulphur,  828. 

calcareous,  824. 

Proclpitat('s  .soluble  in  solu- 
tions of  salts,  277. 

— to  wasli,  120. 

— to  weigh,  747. 

Precipitation,  81. 

— fractional,  410. 
I'rccipitatum  prr  «r,  242. 
l’ro])arations  of  the  llritisli 

Pliarmucopada,  chemi- 
cal, 001. 

Preparations  of  tlie  British 
Pharmacopteia,  galeni- 
cal, 000. 

Prepared  calamine,  144 

— chalk-,  122. 

— suet,  618. 

Prepare-litiuor,  tin,  210. 
Pressure,  correction  of 

volume  of  gas  for,  37, 
705. 

— -gauges,  80. 

— standard,  37. 

Prickly  ash,  018. 

Primary  alcohols,  481. 

— amines,  690. 

Principles,  40,  ct  seq. 

Printer’s  ink,  049. 

Prismatic  nitre,  800. 

— sulphur,  323. 

Proof  spirit,  489. 

Propane,  441,  445. 
Propauetricarboxvlic  acid, 

536. 

Propenyl,  .500. 

— aU(ohol,  .500. 


Propoptone,  073. 

Prophotin,  580. 

Propione,  537. 

Propionic  acid,  520. 
Proportions,  atomic,  45, 
285. 

— constant,  42. 

— multiple,  43,  311. 

Propyl  alcohol,  401. 
Propylamine,  502. 

Propylene,  440,  452. 
Propylformic  acid,  520. 

Proi>yl  iodide,  normal,  441. 
iso-,  441. 

Protoid  principles,  033. 
Proteids,  detection  of,  in 
urine,  078. 

— moan  composition,  038. 
Proteolytic  ferment,  042. 
i’rotncatecbuic  acid,  002. 

— aldoliydn,  582. 

I’rolococcus  vnlgnrin,  510. 
Protoplno,  002,  020. 
Protovoratridin,  020. 
Protoveratrine,  020. 

Proximate  analysis,  782. 
Prune,  502. 

Prnni  virginianai  cortex,  578. 
Prunim,  502. 

I'runus  seroHna,  578. 

Prussian  blue,  181,  ‘290,  808, 
878,  048. 

Prussiate  of  potash,  red,  873. 

yellow,  800,  872. 

Prussic  acid,  209. 

antidotes,  804. 

Pscudaconitino,  013,  014. 
Pseudohyosoyamine,  025. 
Psoudolnulin,  509. 
Psciudojervine,  020. 
Psoudomorpliine,  002. 
Pseudoxanthine,  593. 
I'sychotria  Ipecacuanhu,  024. 
I'terocarpi  lignum,  040. 
Pterocarpin,  040. 

I'lerocarpus  erinaccus,  302. 

— marsiipium,  302. 

— santalinus,  545,  040. 
Ptomaines,  593,  007. 

Ptyalin,  608. 

Ptychotis  ajowan,  580. 

nil  eso 

Puddling,  iron,  102. 

I’nlogono,  543. 

Pulsatilla,  644. 

— oil,  644. 

Pulveres  efferuesccntes,  92. 
Pulvis  Algarothi,  207. 

— angelicus,  207. 

— an'limonialis,  208. 

— effervescens  compositus,  340. 

— ipecaciianhce  composi  tus, 

024. 

— sodfB  tartaratce  effervescens, 

349. 

Pumice-stone,  380. 

Punica  grnnntum,  802. 
Purilleil  ox-bile,  042. 


Purple  of  Cassius,  221,  047. 

— dye,  397. 

— foxglove,  active  iirinciple 

in,  579. 

Purpurin,  081. 

Purree,  044. 

Pus  in  urine,  080. 

Pusch’s  test  for  tiu'taric  acid 
in  citric  acid,  355. 
Putrescine,  504. 
Putty-powder,  210. 

Pyrethri  radix,  553. 

Pyrothric  acid,  553. 
Pyrethrin,  553,  029. 
Pyrethrum  carneum,  553. 

— cinerariaifolium,  553. 

— rosewn,  653. 

Pyridine,  696. 

— bases,  595. 

/3-pyridyl-a-lactic  acid,  028. 
Pyrites,  copper,  228. 

— iron,  101. 

Pyroarsonatn,  sodium,  101, 
193. 

Pyroarsonates,  191. 
Pyroborate,  sodium,  803. 
Pyrocatoeliin,  505. 

Pyrogallic  acid,  304,  510,  533. 

— acid,  use  of,  in  gas  analysis, 

394. 

Pyrogallol,  894,  610,  533. 

— use  of,  in  gas  analysis,  394. 
Pyroligneous  acid,  318. 
Pyrolusite,  148. 

Pyromellitic  acid,  537. 
Pyrometers,  097. 
Pyromorphite,  303. 
Pyrophorus,  178. 
Pyrophosphate,  iron,  170,  883. 

— silver,  385. 

— sodium,  883. 
Pyrophosphates,  384. 

— analytical  reactions  of, 

385. 

Pyrophosphoric  acid,  350, 
884. 

Pyrosulphuric  acid,  331,  333. 
Pyrovanadatos,  303. 
Pyroxylic  spirit,  482. 
Pyroxylin,  575. 

Pyroxylinum,  574. 

Pyrrol,  595. 

Pyrus  Gydonia,  574. 


Quadrivalencc,  57. 
Qualitative  analysis,  108,  401, 
050. 

Quantitative  analysis,  710, 
el  seq. 

Quanti valence,  57. 

— of  acid  radicals,  58,  282. 

— variation  in,  102-103,  373- 

874. 

Quartz,  880. 

(Juassio!  lignum,  584. 

Quassin , 584. 

Quebr.acliine,  014. 
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Quebracho  bark,  OU. 
Quebracho  bianco,  014. 

— Colorado,  014. 

Queen’s  root,  629. 

Quercite,  517. 

Quercitrin,  644. 

Quercitron,  644. 

Quercus  tinctoria,  644. 
Quevenne’s  iron,  ITS. 
Quicklime,  IIS. 

Quillaice  cortex,  5S0. 

Quillaic  acid,  587. 

Quillaja  saponarin,  5S0. 
Quinamiue,  609. 

Quinates,  603. 

Quince,  essence,  467. 

— seeds,  574. 

Quinia,  see  Quinine. 

Quinic  acid,  603. 

Quinicine,  609. 

Quinidince  sulphas,  607. 
Quinidine,  007. 

— hydriodide,  007. 

— sulphate,  607. 

— tartrate,  007. 

Quininte  hydrochloriditm, 
604. 

aciduin,  604. 

— sulphas,  603. 

— ralerianas,  005. 

Quinine,  603,  632. 

— acid  hydrochloride,  004. 
sulphate,  604. 

— amorphous,  608. 

— and  iron  citrate,  174,  004. 

— citrate,  004. 

basic,  005. 

— hydrochioride,  004. 

— — acid,  604. 

— hypophosphite,  377. 

— iddo-sulphate,  600. 

— kinatc,  003. 

— neutral  sulphate,  004. 

— oxalate,  605. 

— fiuantitative  determina- 

tion of,  789. 

— riuinalc,  003. 

— reactions  of,  005. 

— sulphate,  003. 

acid,  604. 

soluble,  004. 

— tests  for  the  purity  of,  792. 

— wine,  004. 

Quiniretin,  609. 

Quinoidine,  008. 

Quinoline,  595. 

Quinone,  578,  i’>03. 


Racemic  acid,  348. 

Raflioal,  58. 

— acid,  00. 

— metallic,  00. 

Radicals,  acid,  58,  00,  282. 

— metallic,  00,  07. 

Rai,  495. 

Raisins,  M7,  559. 
Itanvjtculus,  544. 


Raspberry,  sugar  in,  059. 
Ratatia,  488. 

Rattan  palm,  502. 

Ratti,  681. 

Reaction,  .acid,  60. 

— alkaline,  59. 

Reactions,  analytical,  66. 

— synthetical,  66. 

Reagents  for  alkaloids,  GOO. 

— list  of,  XV. 

Realgar,  190. 

Receiver,  139. 

Rectification,  140. 

Rectified  oil  of  turpentine, 

480. 

— spirit,  140,  488. 

Red,  Chinese,  645. 

— chrome,  645. 

— cinchona  bark,  003. 

— colouring  matters,  645. 

— corpuscles  in  blood,  035. 

— earth,  046. 

— enamel  colours,  047. 

— gravel,  081. 

— gum,  543. 

— hmmatite,  101. 

— iodide,  mercury,  230,  236. 

— lead,  250,  646. 

— litmus  paper,  101. 

— ochre,  646. 

— oxide,  iron,  172,  640. 

mercuric,  241. 

— Paris,  645. 

— phosphorus,  357. 

— poppy  petals,  040. 

— precipitate,  241. 

— prussiate  of  potash,  373. 
— rose  petals,  046. 

— sandal-wood,  645,  640. 

— sanders-wood,  545,  046. 

— sulphide,  mercuric,  240. 

— Venetian,  172. 

Reduced  indigo,  047. 

— iron,  177. 

“ Reducer,"  photographic, 
830. 

Reducing  flame,  145. 
Reduction,  65. 

Reinsch’s  test]  for  arsenium, 
190. 

Relative  density,  see  Specific 
Gravity. 

Relative  weight  of  hydrogen 
and  oxygen,  10. 

Remijia  bark,  003. 

Rennet,  030. 

— extract,  030. 

Rennin,  030. 

Reseda  luteola,  045. 

Residues,  platinum,  224. 
Resin,  480,  650. 

— arnica,  550. 

— cannabis,  5.50. 

— capsicum,  551. 

— castor,  651. 

— copal,  551. 

— ergot,  652. 

— guaiaeum,  5.52,  582. 


Resin,  Indi.an  hemp,  550. 

— jalap,  562,  582. 

— kaladana,  583. 

— kamala,  563. 

— kousso,  552. 

— mastic,  662. 

— mezereon,  552. 

— oils,  550. 

— pepper,  652. 

— podophyllum,  553. 

— pyrethrum,  553. 

— rottlera,  653. 

— scammony,  557,  587. 

— soap,  512. 

Resina,  650. 

Resins,  538,  549. 

Resorcin,  605. 

Resorcinum,  505. 

Retort,  138. 

Rhumni  succus,  579. 
Rhamnin,  044. 

Rhamnose,  581. 

Rhaiunus  calharticus,  648. 

— fraiignla,  581. 
Rhaponticiu,  470. 

Rhatany  root,  392. 

Rhei  radix,  475. 

Rheic  acid,  470. 

Rhein,  476. 

Rheumin,  470. 

Rhodium,  224,  808. 
Rhoeadine,  602. 

Rhaados  petala,  040. 
Rhubarb,  344,  475,  553,  644. 

— calcium  oxalate  from,  344. 

— resins  of,  653. 

— root,  476. 

Rhubarbaric  acid,  470. 
Rhubarbariu,  470. 

Rhus  cotinus,  644. 

— glabra,  393. 

— toxicodendron,  393. 

Rice,  566. 

starch,  500,  508  (fig.). 

Ricin,  510. 

Riciniuo,  516. 

Ricinoleate,  glyceryl,  510. 
Ricinoloiue,  510. 

Ringworm  imwder,  470. 
Roccella  tinctoria,  510. 

Roche  alum,  159. 

Rochelle  salt,  70,  91,  347, 
349. 

Rock  alum,  159. 

— -salt,  85,  283. 

Rohun  bark,  690. 

Roll  sulphur,  322. 

Roman  cement,  3.S7. 

Rosa  canina,  532. 

— damasceno,  545. 

Rosai  gallicai  petala,  040. 
Rose,  040. 

— -oil,  544. 

— petals,  040. 

Rosaniline,  471,  0.50. 
Rosemary-oil,  .545. 

Rosin,  480,  550. 

Rotang  palm,  552. 
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Rotten-stone,  157. 
Rottlera  tinctoria,  653. 
Rottlerin,  568. 

Rouge,  animal,  809,  040. 

— face,  809. 

— mineral,  172,  040. 

— vegetable,  040. 

Hvlna  tinctoria,  045. 
Rubianic  acid,  045. 
Rubidium,  808. 
Rubuervine,  020. 

Ilvbvf,  893. 

— ulauts,  851. 

Ruby,  157. 

Uue-oil,  687,  545. 

Rum,  488. 

Rumex,  470. 

Rumicin,  470. 

Rupi,  013. 

Rus,  081. 

Rust,  iron,  102. 

Rutate,  glyceryl,  514. 
Ruthenium,  224,  808. 
Rutic  acid,  514. 


Habadilliue,  081. 

Baliadine,  081. 

Baliadinine,  081. 

Babatrino,  081. 

Babinol,  545. 

Babinyl  acetate,  545. 
Baccliarated  iron  carbonate, 
105. 

volumetric  determi- 
nation of,  788. 

— solution  of  lime,  119. 
Saccharic  acid,  517,  505. 
Baccharinietry,  801. 
Biiccharin,  490. 

— soluble,  490. 

Saccharine,  501. 
Saccharometer,  701 , 801 . 
Sdccharnmyci's,  504. 

— cerevisitn,  485. 

Saccharoses,  601. 

Haccharum  Uictin,  504. 

— puriflcatiim,  .501. 

— ustum,  504. 

Sacred  bark,  470. 
Safety-lamp,  10. 

Sadlower,  040. 

Safl'ron,  044. 

— bastard,  040. 

— dyer’s,  040. 

Safrol,  645. 

Sage,  oil  of,  546. 

Sago,  600. 

— palm,  .500. 

— starcli,  508  (lig.). 

Saint  Ignatius’s  bean,  010. 

Sal  ammoniac,  95. 

— prunella,  807. 

— volatile,  99. 

Salep,  .574. 

Saliciu,  500,  531,  584. 
Sdlieimiin,  584. 

Sal  icy  1 alcohol,  .500. 


Salicyl  aldehyde,  500,  580. 

— hydride,  531. 

Salicylate,  bismuth,  269. 

— methyl,  531. 

— phenyl,  682. 

— sodium,  530. 

.Salicylic  acid,  500,  530. 
Salicylol,  631. 

Salicylous  acid,  531. 
Saligenin,  500,  586. 

Saligouol,  500,  586. 

Balirctiu,  .585. 

Saliva,  390. 

Salix,  584. 

Siilol,  532. 

Salsoparin,  580. 

.Salt-cake,  89. 

— common,  85,  283. 

— Epsom,  131,  3’29. 

— Glauber’s  286. 

— microcosmic,  410. 

— of  sorrel,  344. 

— Rochelle,  70,  94,  347,  349. 

— rock,  86,  283. 

Sidtpi!tre,  307. 

— Chili,  800. 

.Salts,  59,  00. 

— acid,  01,  75,  70. 

— action  of  the  blowpi])c  on, 

410. 

of  heat  on,  408. 

of  sulphuric  acid  on, 

409. 

— alkyl,  519. 

— ammonium,  volatility  of 

106. 

— analogies  of,  98. 

— analysis  of  insoluble,  414. 

— aidiydrous,  90. 

— liasic,  01. 

— bleacliing,  818. 

— constitution  of,  00,  282. 

— double,  95,  158. 

— formation  of,  72. 

— haloid,  298. 

— hydrous,  90. 

— iron,  nomenclature  of,  108. 

— neutral,  01. 

— nomenclature  of,  74,  75, 

79. 

— normal,  01. 

— physiciil  properties  of,  408. 

— substitution  of,  for  each 

other,  93. 

— table  of  the  solubility  or 

insolubility  of,  in  water, 
403. 

Samhuci  flares,  545. 

Sand,  380. 

bath,  23. 

— -stone,  880 

— -tray,  28. 

Saudal-wood,  oil  of,  .545. 

— red,  546,  040. 

— white,  545. 

— yellow,  545. 

Sanders- wood,  red,  545,  040. 
Sandstone,  380. 


Sanguinaria  Cajiadensis,  029. 
Sauguinarine,  029. 

Santalal,  545. 

Sautalin,  040. 

Santalum  album,  545. 
Santonic  acid,  685. 

Bantonica,  580. 

Santonin,  686. 

Santoninum,  585. 
Santoniretin,  585. 

Sap-green,  048. 

Sapo  animalis,  512. 

— durus,  511. 

— kalinus  vnialis,  511. 

— mollis,  611. 

— vindis,  611. 

Sapogenin,  680. 

Hapo7iaria,  680. 

Saponin,  580. 

Saponillcation,  512. 
Sapotoxin,  507. 

Sappan,  045. 

— -wood,  045. 

.“appaniu,  046. 

Sapphire,  157. 

Saprine,  594. 

Sarcina  ventricuH  in  urine, 
080. 

Sarcolactic  acid,  879,  528. 
Sarcocrphalus  esculoUus, 
661. 

Sarkine,  594. 

Sarkosine,  593. 

Sarracenia  purpurea,  031. 
Sarsaparilla,  580. 
Sarsaparill-saponin,  580. 
Sansa-saponin,  680. 

Sarzai  radix,  580. 

Sassafras  camphor,  545. 

— (black)  oil,  645. 

— oil,  545. 

— radix,  546. 

— swamp,  590. 

Sassafrol,  646. 

Saturated  hydrocarbons,  433. 

— solutions,  bailing  points  of, 

094. 

.Saturation,  71. 

“Saturn,”  the  .alchemical 
name  for  lead,  2.50. 
Saturnine  colic,  250. 

Savin-oil,  646. 

Saxon  blue,  048. 

Saxony  blue,  047. 

Scale  compounds  of  iron,  173, 
el  seg. 

Scammonia;  radix,  587. 

— resina,  687. 

Scammonin,  687. 
Scammoniolic  acid,  587. 
Scammonimn,  587. 

Scammony,  rosin  of,  557, 

687. 

Scandium,  808. 

Scents,  589. 

Schcele’s  grts'u,  203. 

.Schist,  157. 

Srho’.noeaulon  aflicinale,  081. 
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Schonbeiii’s  test  for  hydro- 
cyauic  acid,  304. 
Schweiufurth  green,  '203. 
Science  of  chemistry,  2. 

Scilla,  562,  587. 

— IiiiHca,  562. 

Scillain,  587. 

Scillin,  587. 

Scillipicrin,  587. 

Scillitoxin,  587. 

Sclerotic  acid,  552. 

Sclerotinic  acid,  552. 

Scoparii  cacuviina,  620. 
Scoparin,  620. 

Scopola  atro])oides,  025. 

— carniolica,  625. 

— Japonica,  504,  016. 
Scopolamine,  625. 

Scopoleine,  616. 

Scoijoletin,  017. 

Scott’s  method  for  preparing  ! 

liydrobromic  acid,  280. 
HcuteUaria,  500. 

Scyllite,  561. 

Sea-salt,  85. 

Sea- water,  283,  288,  201. 
Sea-weeds,  291. 

jelly  from,  573. 

Sebacate,  ethyl,  467. 

Secale  cereale,  552. 

Secondary  alcohols,  481. 

— amines,  500. 

Sediments,  urinary,  080. 

microscopic  examina- 
tion of,  683. 

Seed-lac,  646. 

Seidlitz  powder,  349. 
Selenium,  808. 

Semina  cardamomi  nwjoris, 
543. 

Senega,  580. 

Senegae  radix,  580.  , 

Senegin,  580. 

Senna  Alexandrina,  578. 

— Alexandrian,  578. 

— Indica,  578. 

— Tinnevelly,  578. 

Sei)ia,  049. 

Sepiadre,  649. 

Serpentnriin  rhizoma,  614. 
Serpent’s  excrement,  682. 
Sesame-oil,  516. 

Semmum  indicum,  516. 
S<!.sfiuiterpene.s,  479. 

Sevnm  benzoatum,  513. 

— prceparalum,  513. 

Shale,  157,  430. 

Shark-liver  oil,  516. 

Shell-lac,  (HO. 

Shell-fish  (loison,  594. 

Sherry  wine,  488. 

Shot,  249. 

Shumac,  393. 

Siam  benzoin,  532. 
Side-chains,  438. 

Sidee,  551. 

Sienna,  019. 

— yellow,  014. 


Sifting,  an  aid  to  analysis, 
408,  416. 

Silica,  386,  388. 

SiUcate,  aluminium,  107,  157, 
380. 

— calcium,  117,  386. 

— lithium,  107. 

— magnesium,  386,  649. 

and  nickei,  154. 

— sodium,  386. 

Bilioates,  386. 

— quantitative  determina- 

tion of,  781. 

— tests  for,  388. 

Silicic  acid,  375,  386,  388. 

— anhydride,  386,  388. 
Silicide,  carbon,  389. 

— magnesium.  388. 
Siliciuretted  hydrogen,  388. 
Silicon,  chloride,  388. 

— derivation  of  word,  28. 

— fluoride,  388. 

— hydride,  388. 

— oxide,  388. 

Silver,  262. 

— acetate,  321. 

— ammonio-nitrate,  204,  266. 

— analytical  reactions  of,  ' 

267.  i 

--  anhydrochromate,  267. 

— antidotes,  268. 

— arsenate,  203,  267. 

- arsenite,  203. 

— bichromate,  186. 

— bromide,  2(i7,  200. 

— chloride,  263,  264,  287. 

— chromate,  185,  267. 

— citrate,  354. 

— coinage,  263. 

— cyanide,  267,  303. 

— derivation  of  word,  28. 

— determination  of,  by 

cupellation,  709. 

— - extraction  of,  263. 

— fulminating,  Berthollet’s, 

266. 

ordinary,  266. 

— German,  140,  154. 

— iodate,  317. 

— iodide,  267,  293,  317. 

— inetaphosphate,  381 . 

— monopersulphatc,  336. 

— nickel,  154. 

— nitrate,  impure,  203. 

pure,  205. 

volumetric  solution  of, 

728. 

- oxalate,  346. 

- oxide,  266,  267. 

— phosphate,  267,  360. 

— pure,  264. 

— jiyrophosphate,  885. 

— quantitative  determina- 

tion of,  768. 

— .sodium  thiosulphate,  335. 

— standard  S(jlution  of  ni- 

trate, 728. 

— sulphate,  268. 


Silver  .sulphide,  263,  267, 
326. 

native,  263. 

— sulphite,  32ii. 

— tartrate,  350. 

— tree,  268. 

Sinalhin,  404. 

Sinapis,  494. 

— olbie  semina,  494. 

— nigne  semina,  494. 

Sinapin  acid  sulphate,  404. 
Sinigrin,  494. 

Sinistrin,  588. 

Siphon,  122. 

Size,  639. 

Skullcap,  590. 

Slag,  bl.ast-furnace,  161. 
Slaked  lime,  110. 

Slate,  157. 

Smalt,  152,  047. 

Smelting,  copper,  220. 
Sinilacin,  586. 

Snake-root,  black,  580. 

Virginia,  614. 

Soap,  ammonium,  511. 

bark,  586. 

— calcium,  511. 

— Castile,  611. 

— curd,  512. 

— for  Hindoos,  512. 

Mahommedans,  512. 

— green,  611. 

— hard,  511. 

— marine,  514. 

— • Marseilles,  511. 

— mottled,  511. 

— potassium,  511. 

— - resin,  512. 

— sodium,  511. 

— soft,  511. 

stone,  640. 

— -wort,  586. 

— yellow,  512. 

Socaloin,  478. 

Socotrine  aloes,  478. 

Soda,  85. 

— acetate 

— arsenate 

— benzoate 

— bicarbonate 

— carbonate 

— citro-tartrate 

— hjqjophosphite 

— nitrate 
--  phosphate 

— salicylate 

— snlphato 

— snlphitu 
sulpho(;arbulatu 
thiosuliihato 
valerianate 

— -ash,  89. 

— caustic,  86. 

standard  solution  of, 

724. 

volunu'trlc  determina- 
tion of,  720. 

— lime,  426. 


Old  iiAtnes  for  lof/fttm  salt?, 
which  fve. 
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Soda  powders,  02. 

— solution  of  chlorinated,  91. 

— wasliinj;,  85. 

— water,  880. 

Soda  tarlamta,  7li,  01,  847. 
Soihe  chloHnaUe,  liquor,  01. 
Sodamido,  593. 

Sodii  acetas,  80. 

— arsenas,  104. 

— beii:oas,  808. 

— hicarhoiiiu),  87. 

— hisulphin,  328. 

— boras,  804. 

— bromidum,  02. 

— carbonas,  80. 

rxsiccat  us,  00. 

— Moras,  815. 

— chloridum,  85. 

— citro-tart ras ejfrrvcsrens,  02. 

— hyjtoplwsphis,  370. 

— iodidum,  02. 

— nilris,  388. 

— phosphas,  124. 

effcroesmis,  92. 

— pyrophosphas,  885. 

— snlicylas,  580. 

— sulphas,  285. 

rjfcrvcscrns,  02. 

— sulphis,  827. 

— sulphocarbolas,  504. 
Sodio-forrouM  citrate,  170. 

liydroxycitrate,  170. 

Sodium,  85. 

— acetate,  80,  818. 

— acid  carbonate,  sec  Hi- 

carbonate. 

snliihato,  285. 

— amalgam,  95. 

— ammonium  hydrogen  phos- 

Iihate,  410. 

— analytical  reactions  of,  03. 

— and  aluminium,  double 

chloride,  157. 

— and  cobiilt  nitrite,  sec 

Cobaltinitrito. 

— and  i)lntinuni  chloride,  sec 

Cliloroplatinate. 

— arsenate,  103. 

— arsonite,  191. 

— bonscne  - meta  • disulphun- 

ate,  505. 

— benzoate,  308, 728. 

— biborate,  804. 

— bicarbonate,  87. 

— — chemically  pure,  710. 
lozenges,  89. 

manufacture  by  the 

ammonia  process,  88. 

— bisulphite,  328. 

— bromide,  92,  289. 

— cacodylate,  309. 

— carbolate,  530. 

— carbonate,  85,  89. 

chemically  pure,  715. 

exsiccated,  90. 

manufacture  of,  89,  285. 

volumetric  determina- 
tion of,  720.  I 


Sodium  chlorate,  315. 

— chloraurate,  220. 

— chloride,  85. 

— cliloroplatinate,  223. 

— citrotartrate,  92. 

— cobaltinitrito,  84. 

— derivation  of  word,  28. 

— dihydrogen  phospliato, 

125. 

— ethylate,  400. 

— name,  98,  110. 

— glycocholate,  042. 

— gold  thiosulphate,  335. 

— gravimetricdotorminatiun, 

751. 

— hydrogen  carbonate,  87. 
sulphate,  284. 

— hydrosulphido,  826. 

— hydroxide,  80. 

— hypochlorite,  91. 

— hypophosphito,  370. 

— iodide,  92. 

— manganate,  149. 

— meta-bisulphite,  328. 

— metantimonato,  210. 

— metantimonite,  210. 

— metarsenilo,  191. 

— metastannato,  210. 

— meta-thiantinionite,  210. 

— methyl  arsenate,  809. 

— nitrate,  86,  800. 

crude,  291. 

— nitrite,  883. 

— occurrence,  85. 

— oleato,  509. 

— ortho-thiantimonite,  210. 

— oxalate,  844. 

— permanganate,  149. 

— jieroxide,  9,  92. 

— persulphate,  880. 

— phenol,  580. 

— phenyl  carbonate,  580. 

— phosphate,  92,  124. 

effervescent,  92. 

how  prepared  from  cal- 
cium phosphate,  124. 

— potassium,  lithium,  and 

ammonium,  separation 
of,  110. 

— pota.ssium  tartrate,  91, 

847. 

— pi'eparation  of,  85. 

— pyroarsenate,  191,  193. 

— I)yroborate,  303. 

— pyrophosphate,  884. 

— quantitative  determina- 

tion of,  751. 

— salicylaldehydc,  531. 

— salicylate,  630. 

— salts,  analogy  of,  to  potas- 

sium salts,  93. 

sources  of,  85. 

— silicate,  388. 

— silver  thiosulphate,  886. 

— stannate,  210. 

— sulphate,  285,  330. 

effervescent,  92. 

— sulphide,  325. 


Sodium  sulphite,  327. 

— sulphocarbolate,  503. 

— taurocholate,  042. 

— tetrathionate,  335. 

— thiantimonate,  210. 

— thiosulphate,  334. 

— urate,  897. 

— valerianate,  398. 

— zincate,  147. 

Soft  paiMflin,  447. 

— .soap,  611. 

Soils,  analysis  of,  805. 
Solanidine,  029. 

Solanine,  029,  032. 

Solanvm  dulcamara,  029. 

— tuberosum,  029. 

starch  of,  608  (fig.). 

Solazzi  .juice,  681. 

Solder,  214,  249,  257. 

Solid  caustic  potash,  09. 

— fats,  613. 

Solids,  to  take  the  specific 
gravity  of,  701,  et  seq. 

— lighter  than  water,  to  take 

the  specific  gravity  of, 
703. 

— soluble  in  water,  to  take 

the  specific  gravity  of, 
703. 

Solubility  of  carbonic  anhy- 
dride in  water,  339. 

— of  gases  in  water,  9. 

— or  insolubility  of  salts  in 

w.ater,  table  of,  403. 
Soluble  cream  of  tartar,  305. 

— ferments,  487. 

— glass,  388. 

— saccharin,  490. 

— starch,  571. 

Solution  of  albumen,  633. 

— ammonia,  90. 

— ammonium  acetate,  97. 

carbonate,  98. 

chloride,  95. 

citrate,  100. 

hydrosulphide,  102. 

oxalate,  101. 

— arsenic,  acid,  192. 

alkaline,  191. 

— auric  chloride,  220. 

— barium  cbloride,  113. 

— bismuth  and  ammonium 

citrate,  259. 

— boric  acid,  804 

— bromine,  289. 

— calcium  chloride,  117. 

— — sulphate,  128. 

— caustic  potash,  08. 

— chlorinated  lime,  120. 

soda,  91. 

— chlorine,  22,  280. 

— copper  acetate,  280. 

ammonio-sulphate,  204, 

820. 

— Do  Valangin’s,  192. 

— Donovan’s,  191. 

— ferric  acetate,  172. 

chloride,  169,  170. 
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Solution  of  ferric  nitrate, 
17l>. 

suiphate,  171,  173. 

— ferrous  sulphate,  104. 

— Fowler’s,  ISH. 

— fractional,  89,  410. 

— hydrogen  sulphide,  104. 

— indigo  sulphate,  312. 

— iodine,  292. 

— isinglass,  039. 

— lead  subacetate,  251. 

— lime,  119. 

— — saccliarated,  119. 

— litmus,  101,  723. 

— magnesium  ammonio-sul- 

phate,  779. 

— mercuric  chloride,  240. 
nitrate,  237. 

— nitroglycerin,  508. 

— normal  chromate,  183. 

— phenol-phthalein,  727. 

— phosphoric  acid,  357. 

— platinic  chloride,  222. 

— potash,  68. 

— potassio-mercuric  iodide, 

718. 

— potassium  acetate,  72. 

ferricyauide,  374. 

ferrocyanide,  372. 

iodide,  78. 

permanganate,  149. 

— silver  ammonio-uitrate, 

204,  200. 

— sodium  acetate,  80. 

arsenate,  194. 

ethylate,  490. 

— — phosphate,  125. 

— of  solids,  410-415. 

— stannovis  chloride,  215. 

— strychnine  hydrochloride, 

012. 

— tartaric  acid,  348. 

— tlieory  of,  417. 

— zinc  chloride,  143. 
^Sonncnschcin’s  procuss  for 

poisonous  alkaloids, 
065. 

S<x)t,  24,  337. 

Sophora  Iminiloso,  023. 
Hoidiorine,  023. 

Sorbinose,  501. 

Sorbite,  517. 

Sorrel,  salt  of,  3-14. 

— wood-,  3-11. 

Sovereign,  weiglit  of  the, 
220. 

Soymida  JehriJuga,  590. 
SoymidtP,  cortPX,  590. 
Sozoiodol,  497. 

Sozolic  acid,  497. 

Spanish  liquoric<?,  581. 

Spar,  fluor,  117,  374. 

— heavy,  113,  329. 

S[>arteine,  029. 

SpartPhwi  siilphd'’,  029. 
Spathic  iron-ore,  101. 
Spearmint-oil,  544. 

Specilic  gravities,  38. 


Specific  gravity,  098,  et  seq. 

bottles,  699. 

of  gases,  39,  704. 

of  liquids,  38,  099. 

of  official  liquids,  700. 

of  oxygen,  10. 

of  powders,  702. 

of  solids,  38,  701,  ct  seq. 

•—  lighter  than  water, 

703. 

of  soluble  substances, 

703. 

— heat,  relation  to  atomic 

weight,  51. 

Spectroscope,  281,  654. 
Spectrum,  054. 

— analysis,  281,  654. 

Specular  iron-ore,  161. 
Speculum  metal,  214. 

Speiss,  154. 

Spermaceti,  493. 

Spermatozoa  in  urine,  080. 
Sperm-oil,  493. 

Sphacelinic  acid,  552. 
Spinelle,  157. 

Spiraa  ulmana,  531,  585. 
Spirit,  methylated,  483. 

— of  French  wine,  488. 

— of  myrcia,  487. 

— of  nitrous  ether,  462. 
adulterated,  484. 

— of  turpentine,  480. 

— of  wine,  488. 

— petroleum,  440,  409. 

— proof,  489. 

— pyroxylic,  482. 

— rectified,  140,  488. 

— wood-,  482. 

Spirits,  488,  090. 

— analysis  of,  805. 

Spiritus  cEthens,  501. 

compositus,  501. 

nitrosi,  383,  403. 

— ammonuE,  97. 

— — arovudicus,  99. 

volumetric  determi- 
nation of,  719. 

fetidus,  99. 

— anisi,  539. 

— arviomcicE  comqmdtuti,  540. 

— cajiipnti,  639. 

— ciitnamovU,  639. 

— juniperi,  539. 

— lavanduliB,  53!). 

— menlhai  qdpcriliE,  539. 

— viyrcitB,  487. 

— myristierB,  539. 

— nitri  dulcis,  404. 

— reclijlcnlus,  488. 

— rnsvmrini,  589. 

— vini  galliBi,  488. 
Spoduinene,  107. 

Spogel  seeds,  574. 

Sponge,  291,  OSS. 

Spongine,  038. 

Spungy  platinum,  223. 
Spmitaneuus  ignition,  178. 
S()otted  cranesbili,  393. 


[ Spruce  fir,  552. 

Spurge  laurel,  552. 

\ Squedus  carchanexs,  510. 
Squill,  502,  674. 

— -bulb,  502,  587. 

— vinegar  of,  319. 

Standard  pressure,  37. 
Standard  solution  of, 

caustic  soda,  724. 

iodine,  732. 

potassium  bicliromate, 

730. 

— — potassium  permangan- 

ate, 739. 

silver  nitrate,  728. 

sodium  thiosulpliate, 

741. 

sulphuric  acid,  716. 

— temperature,  87. 

Stannate,  sodium,  210. 
Stannates,  210. 

Stannic  acid,  210,  218. 

— anhydride,  215. 

— chloride,  215. 

— oxide,  213,  215. 

— sulphide,  217. 

anhydrous,  218. 

Stannous  chloride,  215. 

solid,  215. 

— hydroxide,  217. 

— oxide,  217. 

— sulphide,  217. 

Stannum,  28. 

StaphisagncE  scviina,  023. 
Star-anise  oil,  540. 

Starch,  505,  049. 

— action  of  diastase  upon, 

508,  571. 

— — of  dilute  acids  upon, 

671. 

— animal,  570. 

— barley,  600. 

— blue,  560. 

— bromide,  291. 

— cellulose,  508. 

— granules,  composition  of, 

506,  507. 

— iodide,  78,  293,  507. 

— maize,  500. 

— mucilage  of,  507. 

— potato,  500,- 

— quantitative  determina- 

tion of,  800. 

— rice,  500. 

— soluble,  671. 

— wlieat,  500. 

— white,  573. 

Starches,  microscopy  of,  608. 
Stas's  process  for  poisonous 
alkaloids,  004. 

State  of  concentration,  283. 
Stavesacre,  023. 

— seeds,  023. 

Steapsin,  042. 

Stearic  acid,  500,  509,  520. 
Stearino,  509. 

Stearoptens,  538. 

Steatite,  049. 
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Steatolytic  ferment,  042. 
Steel,  102. 

— wine,  170. 

Stereochemical  theory,  550. 
Stibines,  501. 
atihiuvi,  20,  205. 

Stibnite,  205. 

Stick  lac,  040. 

— lifluorico,  581. 

Still,  180. 

tililliiigia  sylvalicu,  020. 
Stillingino,  020. 

Stone-coal,  214. 

— rod,  040. 

— ware,  887. 

Storax,  870,  581,  540. 

Stout,  488. 

til  rnmnnii /olio , 025. 

— Bnnina,  025. 

Stramonium,  025, 

Si  raHbnrg  turpentine,  480. 
StrawlKsrry,  .sugar  in,  550. 
Stream-tin,  218. 

“ Strength  " of  acids,  288. 
Strontianito,  110. 

Stronlii  Inomithtm,  110. 

— iodidum,  110. 

— UicloB,  110,  870. 
Strontium,  110. 

— analytical  roacLions  of, 

110. 

— carbonate,  110. 

— chromate,  117. 

— derivation  of  word,  28. 

— flame,  117. 

— hydroxi<lo,  110. 

— lactate,  870. 

— idtrato,  110. 

— sulphate,  110. 

— sulphide,  Ibi. 

Stroplwiitid  ecmina,  588. 
Strophanthidin,  588. 
Strophanthin,  588. 
SIrophantlins  Komhe,  588. 
Structure  of  tlame,  15. 

— of  molecules,  480,  et  scj. 

— of  organic  compounds,  480. 
Structural  formulaj,  482. 
Slrychntno,  010. 

til  rych ninm  hydrochlo ridii m, 
010. 

Strychnine  or  strychnia,  010, 
032. 

— analytical  reactions  of, 

010. 

— citrate,  010. 

— determination  of,  708. 

— hydrochloride,  010. 

— in  organic  mixtures,  detec- 

tion of,  001. 

— physiological  test.  Oil. 

— sulphate,  010. 
titryclinos  ignutius,  010. 

— nux  vomica,  58S,  010. 
Styracin,  633. 

Stijrax  proiparatus,  534,  540. 
Styrol,  584. 

Styrune,  533. 


Subacetato,  copper,  see  Oxy- 
acotate. 

— load,  251. 

Snbcarbonato,  iron,  105. 

--  bismuth,  250. 

Subchloride,  mercury,  see 
Mercurous  chloride. 
Snberate,  ethyl,  407. 
Sublimate,  08. 

— corrosive,  230. 
Sublimation,  08,  280. 
Sublimed  sulphur,  822. 
Subnitrate,  bismuth,  267. 
Substances  readily  oxidized, 

quantitative  determina- 
tion of,  732. 

reduced,  quantitative 

determination  of,  741. 
Substitution,  107,  457,  473. 

— products,  457. 

Succinate,  ammonium,  380. 

— barium,  380. 

— ferric,  880. 

— potassium  hydrogen,  380. 
Succinates,  380. 

Succinic  acid,  880,  535. 
tiiiccinum,  880. 

Succus  limonia,  858. 

Sncrate,  iron,  105. 

Sucrose,  480,  501. 

Suet,  618. 

— benzoated,  513. 

— prepared,  618. 

Snilloni,  803. 

Sugar,  action  of  alkali  upon, 
508. 

— amount  in  various  fruits, 

550. 

— barley,  503. 

— beet  root,  458,  501. 

— brown,  501. 

— burnt,  504. 

— candy,  502. 

cane,  650,  501. 

— cube,  602. 

— detection  of,  in  urine, 

074. 

— from  caoutchouc,  501 . 

eucalyptus,  505. 

fish,  501. 

larch,  606. 

milk,  601. 

mountain  a.sh,  501. 

muscles,  601. 

starch, 600. 

Turkish  manna,  505. 

— fruit,  560. 

— grape-,  550. 

— inverted,  650. 

— lichen,  510. 

— loaf,  602. 

— lump,  502. 

maple,  601. 

— milk-,  604. 

— moist,  602. 

— of  gelatin,  043. 

— of  lead,  251. 

— patent,  601. 


Sugar,  quantitative  determi^ 
nation  of,  700. 

— tost  for,  600. 

sand,  504. 

— syrup,  502. 

Snint,  610. 

Sulphamido-benzoates,  400. 
Sulphanilic  acid,  383. 
Sulphate,  acid  potassium, 
307,  330. 

— acid  sodium,  284. 

— aluminium,  168. 

— ammonio-cupric,  231. 

— ammonium,  05. 

aluminium,  167. 

ferrous,  104. 

ferric,  168. 

•—  barium,  113,  320,  333, 

— beborine,  017. 

— bismuth,  258. 

— calcium,  117,  128,  320. 

— chromic,  182,  184. 

— cinchonidine,  007. 

— cobalt,  152. 

— copper,  220. 

anhydrous,  230. 

— cupric,  220. 

— ethyl  hydrogen,  452. 

— ferrous,  103. 

solution  of,  104. 

— hydrogen,  882. 

— indigo,  812. 

— iron  and  ammonium,  158, 

104. 

— iron  (ferrous)  and  am- 

monium, 168. 

— lead,  254, 

— magnesium,  130,  820. 

— manganese,  148,  280. 

— mercuric,  237,  238. 

— mercurous,  237,  238. 

— morphine,  698. 

— nickel,  154. 

— potassium,  76,  307. 

— — hydrogen,  307. 

— quinine,  003. 

— silver,  208. 

— sodium,  285,  330. 

hydrogen,  284. 

— strontium,  110. 

— strychnine,  010. 

— zinc,  141.  • 

Sulphates,  320,  cl  se(j. 

— analytical  reactions  of, 

383. 

— quantitative  determina- 

tion of,  775. 

Sulphations,  417. 

Sulphide,  allyl  propyl, 
405. 

— antimony,  205,  200,  211. 

— arsenium,  100,  201,  202. 
native,  100. 

— barium,  113. 

— bismuth,  250,  200. 

— cadmium,  201,  202. 

— calciiim,  120. 

— cob.ilt,  162. 
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Sulphide,  copper,  230. 

and  iron,  228. 

— cupric,  230,  326. 

— hydrogen,  102,  322. 

— iron,  26,  167,  179,  181. 

— lead,  249,  253. 

native,  249. 

— manganese,  150. 

— mercury,  246. 

native,  233. 

— molybdenum,  361. 

— nickel,  154. 

— platinum,  222. 

— potassium,  70,  325. 

— silver,  263,  267,  326. 

— — native,  263. 

— sodium,  325. 

— strontium,  116. 

— tin,  217,  218. 

— zinc,  140,  146. 

native,  140. 

Sulphides,  322. 

— analytical  reactions  of, 

326. 

— detection  of,  in  presence  of 

sulphites  and  sulphates, 
329. 

— quantitative  determina- 

tion of,  773. 

Sulphindigotic  acid,  312. 
Sulphindylic  acid,  312. 
Sulphite,  barium,  329. 

— calcium,  328. 

— silver,  329. 

— sodium,  327. 

— zinc,  146. 

Sulphites,  326. 

— acid,  of  organic  radicals, 

496. 

— analytical  reactions  of, 

328. 

— detection  of,  in  presence 

of  sulphides  and  sul- 
phates, 329. 

— quantitative  determination 

of,  775. 

Hulphocarbolates,  503. 
Sulphocarbolic  acid,  503. 
Snlphcxarhonates,  343. 
Sulphoearbonic  anhydride, 
343. 

Sulphocyanatcs,  see  Thiocy- 
anates. 

Sulphocyanides,  see  Thiocy- 
anates. 

Sulphoual,  490. 

Sulphonic  acids,  495. 
Sulphostaunates,  see  Thio- 
stannates. 

Sulphovinic  acid,  332,  452. 
Sulphur,  24,  322. 

— adulteration  of,  325. 

— alcohols,  495. 

— allotropic  forms  of,  323. 

— amorjmous,  828. 

— arsenium  sulphide  in,  202, 

— black,  323. 


Srilphur,  bromide,  326. 

— calcareous  precipitated, 

323. 

— chloride,  326. 

— derivation  of  word,  28. 

— determination  of,  774. 

— ethers,  500. 

— flowers  of,  322. 

— hypochloride,  326. 

— iodide,  292,  326. 

— liver  of,  70. 

— lozenge,  324. 

— milk  of,  322,  324. 

— molecular  formula  of,  323. 

— octahedral,  323. 

— oxyacids,  336. 

— plastic,  823. 

— precipitated,  323. 

— prismatic,  323. 

— roll,  322. 

— sublimed,  322. 

Sulphur  lotum,  322. 

— preenpitatum,  322,  323. 

— suUimatim,  322. 

— vivum  nigrum,  323. 
Sulphurated  antimony,  209. 

— lime,  127. 

— potash,  70. 

Sulphurets,  sec  Sulphides. 
Sulphuretted  hydrogen,  see 

Hydrogen  sulphide. 
Sulphuric  acid,  329,  et  scq. 

— — antidotes  to,  334. 

aromatic,  332. 

determination  of,  in 

vinegar,  776. 

diluted,  332. 

fuming,  333. 

impurities  in,  332. 

manufacture  of,  330. 

nitrous  acid  in,  383. 

Nordhausen,  333. 

— — organic  mixtures,  de- 

tection of,  in,  058. 

purification  of,  332. 

standard  solution  of, 

715. 

volumetric  determina- 
tion of,  720. 

— anhydride,  381,  833. 
Sulphuris  iodidum,  292,  320. 
Sulphurous  acid,  320. 

volumetric  determina- 
tion of,  733. 

— anhydride,  24,  238,  320. 
Sulphydrato  ammonium, 

solution  of,  see  Ammon- 
ium hydrosulpliide. 
Hulphydric  acid,  322. 

Sumac  or  sumach,  398. 
Sumatra  benzoin,  367. 

— camphor,  548. 

Sumbul,  555. 

— rtulix,  555. 

— rootj  655. 

Sumbulic  acid,  555. 
Sumbuolic  acid,  556. 
Superphosphate,  360. 


Supporters  of  combustion, 
15. 

SupposUoria  addi  tannid, 
391. 

— morphince,  698. 

— plumbi  compodta,  251. 
Suppositories,  690. 

Surface,  unit  of,  30. 

Surgery,  3. 

Swamp  sassafras,  590. 

Sweet  birch,  oil  of,  631. 

— flag,  oil,  546. 

— spirit  of  nitre,  464. 

adulterated,  484. 

Sweetbread,  642. 

Swertia  chirata,  383. 
Sylvestrene,  479. 

Sylvie  acid,  612,  560. 

Symbol,  function  of  a,  52. 
Symbols,  atomic,  65. 

— of  elements,  52,  807. 

— illustration  of  chemical 

action  by  means  of,  53, 
et  s»q. 

Symmetrical  compounds,  473. 
Sympathetic  inks,  163. 
Synaptase,  677. 

Synthesis,  42. 

Syrup,  golden,  664. 

Syrups,  690. 

— specific  gravities  of,  701. 
Syrupus,  502. 

— addi  hydriodid,  293. 

— aurantii,  540. 

— — floHs,  541. 

— caldi  lactophosphatis,  379. 

— coddnai,  601. 

— ferri  iodidi,  26,  108. 

phosphatis,  167. 

— — — cwnif  quinina  et 

strychnina,  167. 

— hypophosphitum,  377. 

eumjerro,  377. 

Tahclla:  trinitrini,  608. 
Tables,  various,  see  Appen- 
dix. 

Tacks,  tin,  214. 

Talc,  157,  649. 

Tallow,  494,  613. 

Tamarindus,  351. 

Tampico  jalap,  683. 

Tannate,  antimony,  391. 

— ferric,  181,  391. 

— gelatin,  391. 

Tannic  acid,  or  tannin,  390, 
682. 

Tanning,  391. 

Tantalum,  808. 

Taj)ioca,  600. 

— starch,  506,  508  (fig.). 

Tar,  480,  665. 

Taraxad  radix,  590. 
Taraxacin,  590. 

Tartar,  cream  of,  08,  83,  347. 

— emetic,  208. 

determination  of  aiiti- 

' mony  in,  735,  761. 
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Tartar,  meaning  of,  847. 

— soluble  cream  of  866. 
Tartarated  antimony,  208. 

— soda  powder,  effervescent, 

849. 

Tartaric  acid,  840. 

neutralizing  power  of, 

849,  800. 

solution  of,  848. 

volumetric  determina- 
tion of,  727. 

— series  of  acids,  686. 
Tartarus  horaxatus,  806. 
Tartrantimonious  acid,  208. 
Tartrate,  acid  ammonium, 

106.  • 

potassium,  70,  82,  840. 

— antimony  and  potassium, 

174,  208. 

— calcium,  847,  860. 

— ferrous,  170. 

— Iron,  170. 

and  ammonium.  170. 

potassium,  172,  175. 

— morpliine,  698. 

— potassium,  70,  847. 

acid,  70,  82,  840. 

and  sodium,  91,  847. 

antimony],  208. 

— silver,  860. 

Tartrates,  840. 

— analytical  reactions  of, 

849. 

— volumetric  determination 

of,  721. 

Tartronic  acid,  680. 

Taurine,  698,  042. 
Taurocliolates,  042. 

Taxine,  080. 

Tea,  019,  080. 

Teal-oil,  610. 

Telini  fly,  648. 

Tellurium,  808. 

Temperature,  absolute,  87. 

— correction  of  volume  of  gas 

for,  87,  706. 

— measurement  of,  88,'091. 

— standard,  87. 

Temporary  hardness  in 

water,  842. 

Terebcuthene,  479. 

Terebone,  481. 

Terehemim,  481. 

TtrcHnthina  canadensis,  480, 
556. 

Terephthalic  acid,  685. 
Tcrminalia  chchula,  890. 
Terpene  series  of  hydro- 
carbons, 479. 

Terpeneless  oils,  639. 
Terpenes,  479. 

Terpin  hydroxide,  481. 
Torpiuene,  479. 

Terpineol,  641. 

Terpinol,  481. 

Torpinolene,  479. 

Terra  dl  sienna,  040. 

Tertiary  alcohols,  481. 


Tertiary  amines,  690. 

— amyl  alcohol,  492. 

Terra  japonica,  892. 
Test-papers,  101. 

tube,  6. 

Tests,  81. 

— chemistry  of,  81. 
Tetauo-cannabin,  661. 
Tetanine,  694. 

Tetrabasic  acids,  687. 
Tetrachloride,  carbon,  467. 
Totrachloromothane,  467. 
Tetra-iodo-pyrrol,  696. 
Totrahydric  alcohols,  617. 
Totrathlonate,  sodium,  885. 
Tetrathionio  acid,  887. 
TetTOthyl-ainmonium  iodide, 

691. 

Tetronal,  490. 

Tfol,  887. 

Thalleioquin,  006. 

Thalline,  009. 

Thallium,  808. 

Thobaine,  002,  082. 

Theine,  see  Cnffoino. 
Thenard's-blne,  047. 
Theobroma  cacao,  618,  080. 

— -oil,  618. 

Theobromine,  080. 

— relation  of  to  caffeine, 

080. 

Theophylline,  080. 

Theory  of  solution,  417. 
Therapeutics,  dollnition  and 
derivation  of,  8. 
Thermomoters,  88,  092. 

— Centigrade,  84. 

— Fahrenheit,  84. 
Tliermometric  scales,  con- 
version of  degrees  of,  84. 

Thiantimonate,  sodium,  210. 
Thio-alcohols,  495. 
Tliio-antimony  compounds, 
210. 

Thio-arsenium  compounds, 
202,  208. 

Thiocarbonates,  848. 
Thiocarbonic  anhydride,  843. 
Thiocyanate, ammonium,  804. 

— ferric,  181,  804,  896. 

— mercuric,  890. 

— potassium,  896. 
Thiocyanates,  896. 

— distinction  of,  from 

acetates  and  moconates, 
880,  896. 

Thioeyanic  acid,  895. 
Thiocyanogon,  890. 
Thio-ethers,  600. 

Thionic  acids,  837. 
Thiostannatos,  218. 
Thiosulphate,  calcium,  824. 

— sodium,  828,  884. 

— — gold,  836. 

preparation  of,  884. 

silver,  886. 

standard  solution  of, 

741. 


Thiosulphates,  334. 

— tests  for,  835. 
Thiosulphuric  acid,  834. 
Thio-tiu  comiraunds,  217. 
Thorium,  SOS. 

Thorn-apple,  026.  ■ 
Thoroughwort,  689. 
Thrombosin,  035. 

Thujone,  645. 

Thus  amcricanum,  555. 

— masculum,  660. 

Thyme,  640. 

— oil  of,  640. 

Thymene,  640. 

Thymol,  689,  640. 

Thymus  vulgaris,  540. 

Tiglic  acid,  ‘610. 

Tiles,  887. 

Tin,  218,  808. 

— amalgam,  214. 

— analytical  reactions  of, 

210. 

— and  antimony,  separation 

of,  218. 

— antidotes  to,  218. 

— arsenium,  and  antimony, 

analytical  separation  of, 
226,  et  seq. 

— block,  214. 

— chlorides,  216. 

— derivation  of  word,  28. 

— dropped,  or  grain,  214. 

— foil,  214. 

— granulated,  214. 

— oxides,  216. 

— porchlorido,  see  Stannic 

chloride. 

— plate,  214. 

— powdered,  214. 

— proparo-litiuor,  210. 

— -stone,  213. 

— tacks,  214. 

— white  cobalt,  162. 

Tincal,  303. 

Tinctura  ferri  perchloridi, 
170. 

— guaiaci  ammoniata,  582. 

— hamamelidis,  689. 

— hydrasHs,  018. 

— iodi,  292. 

— nuds  vomicas,  797. 

— quinina:,  004. 

ammoniata,  004. 

— strophanthi,  688. 

Tincture  of  phonol-phtlialein, 

727. 

Tinctures,  090. 

Tinnevolly  senna,  678. 
Tinospora  cordifolia,  689. 
Tinospora:  radix  et  caules, 
689. 

Titanium,  808. 

Tobacco,  020. 

Toddalia,  690. 

— aculeata,  690. 

Toddalia’.  radix,  690. 

Tolonn,  683. 

Tolu,  bal.sam,  870,  683. 
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Toluene,  469,  472. 

— -sulphonlc  acid,  495,  490. 
amide,  496. 

chloride,  496. 

Toluidine,  471. 

Toluol,  472. 

Tolyl  alcohol,  504. 

Tonka  hean,  634. 

Toughened  caustic,  265. 
Tourmalines,  886. 
Toxicodendric  acid,  393. 
Toxicology,  654. 

Tragacanth,  128,  573. 
Tragacantha,  128. 

Traganthin,  572. 

Trdacle,  664. 

Tree,  lead,  255. 

— silver,  268. 

Tri-acid  bases,  62. 

Triamines,  592. 

Triangle,  wire,  106. 

Triatomic  alcohols,  500. 
Tribasic  acids,  61,  283,  535. 
Tribromophenol,  503. 
TricarbaUylic  acid,  535. 
Trichloracetal,  522. 
Trichloraldehyde,  522. 
Trichlorbutylidene  glycol, 

525. 

Trichlorethylidene  ethyl 
ether,  525. 

— glycol,  523. 
Trichlorobenzene,  474. 
Trichloromethane,  457. 
Trichloromethylbenzene,  368. 
Trichloro-tertiary-butyl  al- 
cohol, 491. 

Trichlorotoluene,  368,  472. 
Triethylaraine,  590,  591. 
Triethyl-ammonia,  591. 

— ammonium  iodide,  591. 
Trigonella  fcemm-groimm, 

630. 

Trigonelline,  630. 

Trihydric  alcohols,  500. 
Trihydroxybenzene,  510. 
Trihydroxy-benzoic  acid,  532. 
Trihydroxyl  derivatives  of 
hydrocarbons,  506. 
Tri-iodomethano,  401. 
Trimethyl  benzene,  469. 

— methane,  445. 
Trimethylamine,  591. 
Trimethylxanthine,  630. 
Trinitrine,  508. 
Trinitrocellulin,  574. 
Trinitro-phenol,  504. 

— tertiary-butyl-toluene,  039. 
Trional,  496. 

Trio.ses,  558. 

Triphane,  107. 

Triple  phosphate,  084. 

TrifKjli  iKJwder,  386. 

Trith ionic  aciil,  337. 

TriUcum,  689. 

— repens,  590. 

— sativum,  506. 

— starch,  lig.  of,  568. 


Trivalence,  57. 

Trivaleut  radicals,  58. 
Trochisms  acidi  tannici,  391. 

carbolici,  603. 

— ■ bismuthi  compositus,  258. 

— eucalypti  gummi,  biS. 

— ferri  redacti,  178. 

— guaiad  resince,  582. 

— kramerim  et  cocaines,  620. 

— morphines,  598. 

et  ipecacuanha;,  598. 

— potassii  chloratis,  315. 

— sodii  bicarbonatis,  89. 

— sulphuris,  324. 

Tropate,  tropine,  015. 
Tropeines,  615. 

Tropic  acid,  615. 

Tropidine,  615. 

Tropine,  615. 

— esters,  615. 

Trypsin,  642. 

Tubes  for  collecting  gases,  7. 

— funnel-,  12. 

— glass,  see  Glass  tubes. 
Tungsten,  808. 

Tuuicin,  575. 

Turbad,  583. 

Turbid,  583. 

Turmeric,  546,  645. 

— oil,  540. 

— paper,  101. 

Turmerol,  546. 

Turnbull’s  blue,  180,  374,  648. 
Turnsole,  648. 

Turpentine,  479. 

— American,  480. 

— Bordeaux,  480. 

— Canadian,  480. 

— Chian,  480. 

— crude,  480. 

— French,  480. 

— rectiiied  oil  of,  480. 

— Russian,  480. 

— spirit  of,  480. 

— Strasburg,  480. 

— Venice,  479. 

Turpentines,  555. 

Turpeth  mineral,  238. 

— vegetable,  238,  583. 
Turpethiii,  683. 

Turpethum,  583. 

Turps,  480. 

Tylophora,  asthmatica,  024. 
Tylophorcs  folia,  024. 
Tylophorine,  024. 

Type-metal,  200,  249,  257. 
Tyrosine,  593,  082. 
Tyrotoxicon,  594,  007. 


Ulexine,  023. 

Ultimate  analysis,  782. 
Ultramarine  blue,  048. 
— green,  048. 
Ultraquiniiie,  009. 
Umbelliforone,  550. 
Umber,  049. 

Uncaria  gambler,  892. 


Unguentum  aconitines,  614. 

— atropines,  616. 

— cerussa:,  250. 

— cocaines,  620. 

— glycerini  plumbi  subaceta- 

tis,  261. 

— hydrargyri,  234. 

ammoniati,  245. 

compositum,  234. 

iodidi  rubri,  236. 

nitratis,  237. 

dilutum,  237. 

oleatis,  510. 

— — oxidi  Jtavi,  243. 

oxidi  rubri,  242. 

subchloridi,  241. 

— iodi,  292. 

— paraffini,  447. 

— plumbi  acetatis,  251. 

carbonatis,  250. 

iodidi,  252. 

— staphisagriee,  623. 

— sulphuris  iodidi,  292. 

— veratrines,  631. 

— zind,  144. 

oleatis,  510. 

Units  of  length,  surface, 
cubic  measure,  capacity, 
and  mass,  30. 

Univalence,  67. 

Univalent  radicals,  58. 
Unsaturated  compounds,  449. 
Unsymmetrical  compounds, 
473. 

Uranium,  808. 

Urari,  612. 

Urate,  lithium,  107. 

Urates,  396. 

Urceola  elastica,  547. 

Urea,  370,  528,  593,  670. 

— artificial,  370,  670. 

— determination  of,  in  urine, 

676,  et  seep 

— nitrate,  671. 

— tost  for  excess  of,  in  urine, 

676. 

— tests  for,  071. 

Ureometer,  Doremus,  678. 
Urethane,  528. 

Urginea,  562. 

— Indica,  502. 

— vinegar  of,  319. 

Uric  acid,  890,  030,  676,  080, 
083,  087-089. 

rough  determination  of, 

in  urine,  670. 

Urinary  calculi,  009. 

examination  of,  087. 

— deposits  or  sediments, 

plates  of,  088. 

— sediments,  080. 

microscopical  examina- 
tion of,  088. 

Urine,  890,  009. 

— average  composition  of 

solids,  070. 

— colour  of,  079. 

— diabetic,  075. 
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Urine,  dotormination  of 
sugar  in,  800. 

of  urea  in,  076. 

— morbid,  examination  of, 

672. 

— proteids  in,  078. 
Urinomoter,  076,  701. 
Urobilin,  071. 

Urochromo,  071. 

Uroorythrin,  071,  081. 
Urostoalitli,  089. 

UvcB  ursi  folia,  892. 


Vnlenoy,  66. 

— variation  in,  102-108,  878- 

874. 

Valerian  oil,  640. 

Valcrlami  offlcinnlia,  640. 

— H'alUcHi,  540. 

Vale-rianm  Indicm  rhizoma, 

640. 

— rhizonui,  640. 

Valerianate,  amyl,  898,  407. 

— cupric,  809. 

— ferric,  898. 

— sodium,  898. 

— zinc,  140,  808. 

Valerianates,  897. 

Valerianic,  or  valeric  acid, 

897,  492,  520. 

Valerono,  687. 

Valonia,  891. 

Vanadates,  808. 

Vauadinite,  808. 

Vanailium,  802,  808. 

— relationslilp  to  nitrogen, 

phosphorus,  and  arseni- 
ura,  802. 

Vanilla,  682. 

Vanilla  planifolia,  682. 
Vanillin,  682. 

Vapour-density,  80,  706. 

determination,  Dumas' 

method,  700. 

Gay  Lus.sao’s  method, 

700. 

Meyer’s  method,  707. 

Variolaria,  648. 

Vasaka,  081. 

Vaseline,  447. 

Vasicine,  631. 

Vegetable  albumen,  638. 

' — alkaloids,  593. 

— and  animal  life,  relation  of 

oxygon  to,  10. 

— casein,  637. 

— crocus,  044. 

— librin,  637. 

— gelatine,  573. 

— green,  048. 

— jolly,  673. 

— oil,  600. 

— rouge,  040. 

Vogeto-animal  alkaloids,  594. 
Venetian  rod,  172. 

Venice  turpentine,  479. 


“ Venus,"  the  alchemical 
name  for  copper,  229. 
Veratralbine,  626. 
Voratridino,  081. 

Veratrina,  031. 

Voratrino,  or  Voratria,  020, 
081,  032. 

— oloate  of,  610. 

Veratroidino,  026. 

Vcratrum  album,  020. 

— officinale,  081. 

— viride,  026. 

Verbena  oil,  640. 

Vordipris,  230. 

Verjuice,  847. 

Vermilion,  240,  045. 
Vermouth,  488. 

Veronica  virginica,  690. 
Viburnin,  600. 

Viburnum,  690. 

Vinegar,  818. 

— brewed,  810. 

— brown,  818. 

— determination  of  mineral 

acids  in,  775. 

— malt,  810. 

— of  cantharidos,  819. 

— of  ipecacuanha,  810,  024. 

— of  mylabris,  319. 

— of  squill,  810. 

— of  urginea,  810. 

— rod-wine,  818. 

— white,  818. 

— white-wine,  318. 

— wood,  818. 

Vinum  antimonialc,  200. 

— aurantii,  487. 

— Jerri,  170. 

citralia,  170. 

— ipecacuanha:,  024. 

— guininai,  004. 

— xericum,  487. 

Violet,  681. 

Virginia  snakoroot,  014. 
Vitellins,  084. 

Vitriol,  blue,  104,  229. 

— green,  164,  382. 

— oil  of,  882. 

— white,  141. 

Volatile  oils,  638. 

— — concentrated,  639. 
Volatility  of  ammonium  salts, 

105. 

Volatilization,  106. 

Volcanic  ammonia,  95. 
Volume,  combination  by,  63. 

— of  gas,  corrections  of,  37, 

704,  706. 

Volumetric  quantitative 
analysis,  712. 

Volumetric  determination 
of : — 

acetic  acid,  726 
ammonia,  solutions  of,  710. 
ammonium  bromide,  780. 
— carbonate,  718. 
antimony,  786. 
arsenic,  788. 


Volumetric  determination 
of:— 

borax,  719. 
caustic  potash,  720. 

— soda,  720.' 

chlorine,  solution  of,  742. 
citric  acid,  720. 
ferric  salts,  744. 
ferrous  iodide,  731. 

— sulphate,  737. 
hydrochloric  acid,  726. 
hydrocyanic  acid,  728. 
impurity  in  alcohol,  731. 
iodine,  743. 

iron,  arsenate,  738. 

— iodide,  731. 

— magnetic  oxide,  789. 

— phosphate,  738. 

— saccharatod  carbonate, 
788. 

— sulphate,  737. 
lactic  acid,  726. 
lead  acetate,  707. 

— sub-acetate,  solution  of, 
707. 

lime,  chlorinated,  743. 
solution  of,  748. 

— saccharatod  solution  of, 
720. 

— water,  720. 
nitric  acid,  720. 
nitrohydrochloric  acid, 

726. 

oxalic  acid,  740. 
oxalates,  740. 
potassium  bicarbonate, 
720. 

— bromide,  730. 

— carbonate,  720. 

— citrate,  721. 

— cyanide,  730. 

— iodide,  '731. 

— permanganate,  740. 

— tartrate,  721. 
llochollo  salt,  723. 

soda,  chlorinated,  solution 
of,  743. 
sodium,  720. 

— arsenate,  731,  734. 

— benzoate,  723. 

— bicarbonate,  720. 

— carbonate,  '720. 

— citrate,  721. 

— iodide,  731. 

— tartrate,  721 . 

— thiosulphate,  735. 
apiritua  ammonia:  aroma- 

ticus,  719. 
sulphuric  acid,  726. 
sulphurous  acid,  733. 
tartaric  acid,  727. 
Volumetric  solutions,  716, 
724,  728,  732,  730,  789. 
741. 

Vulcanite,  647. 

Vulcanized  indiarubber,  547. 

Wahoo  bark,  589. 


INDEX 


853 


Wakhma,  614. 

Warmth  of  animals,  how  kept 
up,  10. 

Wash-bottle,  121. 

hot- water,  122. 

Washing  precipitates,  121. 

— -soda,  85,  89. 

Water,  13,  14,  138. 

— see  Aqua. 

— aerated,  339. 

— ammonia  in  potable,  718. 

— baryta,  113. 

— -bath,  120,  124. 

— bitter  almond,  302. 

— boiling-point  of,  693,  694. 

— chalybeate,  161. 

— cherry-laurel,  302. 

— chlorine,  22,  280. 

— chloroform,  461. 

— composition  of,  14. 

— creosote,  503. 

— cubic  inches  of,  in  a gallon, 

706. 

— determination  of,  781. 

— distilled,  139. 

— evaporation  of,  13. 

— formation  of,  13. 

glass,  388. 

— Goulard,  251. 

— hardness  of,  342. 

hemlock,  oil  of,  542. 

— lead  in,  254. 

— lime,  119. 

— maximum  density  point 

of,  38. 

— nitrites  in,  382. 

— of  crystallization,  90. 

quantitative  determina- 
tion of,  781. 

oven,  748. 

— oxygenated,  113. 

— IX)tash,  339. 

— purification  of,  138. 

— soda,  339. 

— wciglit  of  a cubic  inch  of, 

706. 

— weight  of  minim,  drachm, 

ounce,  pint,  and  gallon, 
33. 

Wax,  bees,  493. 

— Camauba,  493,  526. 

— parallin,  440,  447. 

Waxes,  494. 

Wedgwoo<l-ware,  387. 
Weighing-tubes,  747. 

Weight,  697. 

— molecular,  40,  et  seq. 

— of  air,  700. 

— of  hydrogen,  706. 

— of  water,  706. 

Weights,  098. 

— and  measures,  29,  el  seq. 

— and  measures  of  the  im- 

perial system,  82. 

— and  miasures  of  the  metric 

system,  29,  32. 

— atomic,  44,  47. 

— molecular,  40. 


Weld,  645. 

Welding,  162. 

Wheaten  flour,  566. 
Wheat-starch,  566,  568  (fig.). 
Whey,  564,  636. 

Whisky,  488. 

White  acid,  375.' 

— arsenic,  190,  191. 

— Ca.stile  .soap,  511. 

— hellebore,  626. 

American,  626. 

— indigo,  647. 

— lead,  250,  649,  767. 

— marble,  117. 

— pepper,  628. 

— pigments,  649. 

— poppy,  597. 

— precipitate,  244,  287. 

fusible,  245. 

— — infusible,  245. 

— resin,  550. 

— vitriol,  141. 

— wax,  493. 

Whiting,  122,  049. 
Whortleberry,  sugar  in, 

559. 

Wild  black  cherry,  578. 

— indigo,  617. 

Willow-bark,  506,  584. 

Wine,  487. 

— antimonial,  209. 

— apple,  488. 

— hea'vy  oil  of , 501 . 

— ipecacuanha,  624. 

— iron,  176. 

— oil  of,  501. 

— orange,  487. 

— pear,  488. 

— quinine,  004. 

— sherry,  487. 

— steel,  176. 

— vinegar,  318. 

Wines,  488,  690. 

Winter-green,  oil  of,  531. 
Wire-gauze,  23. 

— triangle,  106. 

Witch-hazel,  589. 

Witherite,  113. 

Wood,  charcoal,  338. 

creosote,  502. 

naphtha,  483. 

— sorrel,  344. 

— specific  gravity  of,  704. 

— -oil,  554. 

spirit,  482. 

— -tar,  480,  555. 

— vinegar,  318. 

Woody  night-shade,  029. 
Wool  fat,  610. 

hydrous,  611. 

Woorara,  612. 

Wormseed,  647. 

— American,  547. 

— oil,  647. 

Wormwood,  889,  576. 

Wourali,  612. 

Writing-ink,  391. 

Wrought  iron,  162. 


Xanthine,  630. 

— calculus,  687,  689. 
Xanthocreatinine,  693. 
Xanthorrhiza  apUfoUa,  618. 
Xanthoxylon  fraxineum,  618. 
Xenon,  20,  21. 

Xylene,  469. 

Xylenes,  506. 

Xyloidin,  667. 

Xylonite,  575. 


Yard,  33. 

Yeast,  486. 

Yelk  of  egg,  034. 

Yellow,  chrome,  254,  644. 

— cinchona  bark,  604. 

— colouring  matters,  644. 

— dock,  476. 

— jasmine,  624. 

— mercuric  iodide,  235. 

oxide,  242. 

— ochre,  644. 

— parilla,  618. 

— prussiate  of  potash,  300, 

372. 

— sienna,  044. 

— soap,  512. 

— wax,  493. 

' — wood,  644. 

Yolk  of  egg,  634. 

Ytterbium,  808. 

Yttrium,  808. 


Zafire,  152. 

Zanaloin,  428. 

Zanzibar  aloes,  428. 

Zea  Mays,  506. 

Zinc,  140. 

— acetate,  144. 

— analytical  reactions  of, 

146. 

— antidotes  to,  147. 

— arsenate,  204. 

— bromide,  143. 

— carbonate,  140,  143,  147. 

— chloride,  142. 

— derivation  of  word,  28. 

— detection  of,  in  presence 

of  manganese,  nickel,  and 
cobalt,  166. 

— forrocyanido,  147. 

— granulated,  12. 

— hydroxide,  146. 

— hydroxycarbonate,  147. 

— in  organic  mixtliros,  detec- 

tion of,  656. 

— iodide,  143. 

— methide,  444. 

— molecular  formula  of,  140. 

— oloato,  610. 

— oxide,  144. 

— pho.sphide,  357. 

— quantitative  determina- 

tion of,  756. 

— sulphate,  141. 

— sulphide,  146. 
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Zino,  sulphido,  native,  140. 

— sulphite,  146. 

— sulphocarbolate,  604. 

— valerianate,  146,  898 

— white,  143,  649. 

Zincate,  potassium,  147. 

— sodium,  147. 


Zinci  acetas,  144. 

— carbonas,  148. 

— chloridi  liquor,  143 

— chloridum,  142. 

— oxiduvi,  144. 

— sulphas,  141. 

— sulphocarbolas,  604 

— ungwntum,  144. 


Zinci  vaZerianas,  146,  398. 
Zingiber,  646. 

Zirconium,  808. 

Zymase,  486. 

Zymolysis,  487. 

Zymosis,  487. 

Zymotic  alkaloids,  694. 
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